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BESSEMER CON 


Industrial 
Gas Mains 
6” to 120" 


PROVED SAFE AND EFFICIENT ON GAS WASHERS, 
BLAST FURNACE MAINS, PRECIPITATORS, BOILER PLANTS 


Mechanical Type 


By means of a powerful clamping force 
applied equally at all points around the 
disc periphery, the Bailey Mechanical 
Goggle Valve provides a safe, tight seal for 
gas mains from 6” to 72” in diameter. The 
goggle plate is freed instantly by the same 
powerful mechanism, regardless of the 
length of time between operations. Both 
this type and Bailey Thermal Expansion 
Valves require only a minimum of main- 
tenance 


Thermal Expansion Type 


Designed for gas mains from 36” to 120”, 
the Bailey Thermal Expansion type goggle 
valve operates by the linear expansion and 
contraction of three sets of steel tubes 
When steam is applied, the tubes expand 
and separate the flanges, thereby freeing 
the goggle plate for swinging to open or 
closed position. When steam is removed, 
normal cooling contracts the tubes, which 
then clamp the flanges together to form a 
gas-tight leakproof seal. Can be hand- 
operated in case of steam failure. 


\..are best controlled by 
4 
1221 BANKSVILLE ROAD PET TSBURGH 16, PA. 


Published to provide a continuing, authori 
tative, and up-to-date record of tech 
nological, engineering, and economic 
progress in all branches of the metals 
industry by the 
Metals Branch 
American Institute of 
Mining, Metallurgical, and Petroleum 
Engineers, Inc 
29 West 39th Street, New York 18 


The AIME Publishes 


| 


VOL. 8, NO. 6 


COVER 


anniversary of the use of the Bessemer steelmaking process 


the honoring of the oldest living steel blower, are shown on page 741 
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TECHNICAL FEATURES 


One Hundred Years of Bessemer Steelmaking 
On the Basic Pneumatic Processes of Steelmaking 


The L-D Process in Austria 

Second and Third Oxygen Converter Plants in U. S 
Future Trends in the Pneumatic Process 

New Control Instruments for Bessemer Steelmaking 


TRANSACTIONS 


Howe Memorial Lecture—1956 
Some Aspects of Hardenable Alloy Steels 
Mechanism of Electrical Conduction in Molten 


Cu.S-Cu Cl and Mattes 
Effect of Carbon on Some Properties of Ti-Mo Alloys 
A Kinetic Study of the Leaching of Molybdenite 
TECHNICAL NOTES: Strain Aging of AISI 4340 


Mechanisms of Sulfate Formation During the Roasting of 
Cuprous Sulfide ray 


JUNE, 1956 


Artist Harry Brocke chooses a portrait of Henry Bessemer to commemorate the |00th 
The story of this first 


century is recounted on page 742 and highlights of some of the celebrations, including 
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PERSONNEL SERVICE 


following employment items are made 
available to AIME members on oa non- 
profit basis by the Engineering Societies Per 
Service in Operating in cooperation 
with the Four Founder Societies. Local offices 
of the Personnel Service are at 8 W. 40th St, 
New York 18; |OD Farnsworth Ave, Detroit; 
57 Post St, Sen Francisco; 84 E. Randolph St, 
Chicego |}. Applicants should address all mai! 
to the proper key numbers in care of the New 
fork office and include 6 in stamps for for 
warding and returning application The op- 
plicant agrees, if placed in a position by 
means of the Service, to poy the plocement 


METALLURGISTS 


METALLURGICAL 
ENGINEER 


SOLID STATE 
CHEMIST 


Atomic Energy 


Frontiers 


Today, some of the most imagina 
irgical research ta being 
fascinating hort 


tive meta 
carried through to 
zone in the nuctear field 
General Electric is looking for men 
ex of skills can be ori 
rds that kind of critical 
hich is a prime asset 
eaders This is one 
oat important reasons for 
General Electri School of Nu 
clear Engineering 


following | 


unusual positions 


are now open 


Senior Metallurgist with major ex 
perience in physical metallurgy or 
metal fabrication and assembly 
Metallurgist with 2-5 years in metal 
fabrication 
Metallurgical Engineer with 2-5 
years in welding 
Corrosion or Materials Engineer 
with 2.5 years experience 
Metallurgist with 2-5 years experi 
ence in « ray diffraction 


Write in confidence to General Elec 
organization whose ad 
ng - space concept of 
rhe is designed to 
in the career y« 
Personal interviews 
nged with all selected 
candidates In writing, please in 
clude our experience age aca 
demic background and professional 
references 


Mr Galbraith 
Technical Personnel Placement 


GENERAL QD ELECTRIC 


Richland, Washington 


| 


fee listed by the Service. AIME members may 
vecure a weekly bulletin of positions available 
for a quarter, $12 a year 


MEN AVAILABLE 


Sales Manager—Sales Engineer, 
B.S., metallurgical engineering, 35. 
Three years sales and customer serv- 
ice steel and special alloys; three 
years technical supervision; three 
years metallurgical Hi Alloy devel- 
opment. Location desired, U. S 
M-149-484-Chicago 


POSITIONS OPEN 


Research Metallurgist, 21 to 40, 
B.S. or M.S. in metallurgy; strong 
physical metallurgy background on 
aluminum alloys highly desirable; 
knowledge of welding and corrosion 
desirable although not absolutely 


Chemists-Chemical Engineers exper: 
enced in Chemistry and Metallurgy re 
loted to heavy nonferrous metals, par 
ticularly nickel and cobalt. Unusual op 
¢ Cuban operations, er 


Write 


portunity im on 
ployee benefits, low taxes 


Box F-7M AIME 
29 West 39th St New York 18 


DESIGN ENGINEERS 
DESIGN DRAFTSMEN 


'f you are interested in 
@ HIGHEST EARNINGS 
@ OVERTIME WORK 
@ PERMANENT EMPLOYMENT 
@ ADVANCEMENT OPPORTUNITIES 
@ IDEAL WORKING CONDITIONS 
@ WELL-LIGHTED, AiR 
CONDITIONED OFFICES 
@ MANY OTHER BENEFITS 


Please be sure to contact or see 

ARTHUR G. McKEE & CO. 

With Engineering Offices in 
CLEVELAND, OHIO and 
UNION, NEW JERSEY 

McKee is @ 50-year-old Engineering and 
Construction firm doing business on a 
world wide basis 


We have interesting, well-paying positions 


DESIGNERS AND 
ENGINEERS 


qualified in 

PRESSURE VESSELS 
EQUIPMENT SPECS 
ARCHITECTURAL 
MECHANICAL 


PIPING 
CONCRETE 
STRUCTURAL 
ELECTRICAL 


DESIGN DRAFTSMEN 
AND DRAFTSMEN 


qualified in 
PIPING STRUCTURAL 
CONCRETE ELECTRICAL 
ARCHITECTURAL 
Blast Furnace, Stee! and Sintering Plant, 
Refinery, Chemical, tadustrial of Office 
Building design of drafting experience de 
sirable but not necessory 


The expending McKee organization, with 
three engineering divisions, Metals, Re 
finery, and tndustrial, offers many inter 
esting opportunities in these highly-poid 
fields 


Investigate the opportunities McKee con 
offer you. Please see of contoct 
Edward A. Kolner 
ARTHUR G. McKEE & CO 
2300 Chester Avenue 
Cleveland 1, Ohio 
TOwer 11-2300 


necessary. Will assume responsibility 
for execution of contract studies on 
the stress-corrosion resistance of 
high strength aluminum alloy flash 
weldments. Excellent opportunity 
for advancement. Salary open. Lo- 
cation, northwest U. S. W3322 
Metallurgists. (a) Solid Phase 
Bonding Engineer, under 35, B.A 
degree or better in metallurgy or 
physics, with a knowledge of metal 
lurgy, physics, and electricity an as- 
set. Will undertake with a minimum 
of supervision applied and funda 
mental work in cold welding, intra 
sonic welding, and hot pressure 
welding of aluminum; will study 
welding variables and develop appli 
cations. (b) Research Metallurgist, 
under 35, degree in metallurgy or 
physics, with knowledge of nonfer 
rous metallurgy or welding an asset 
Will undertake fundamental and ap 
plied research work in are welding 
and conduct service project for 
plants and customers. Salaries open 
Location, northwest U. S. W332] 


Metallurgist, graduate, 
search and development experience 
in aluminum alloy fields. Salary, to 
$7200 a year. Location, metropolitan 
New Jersey area. W3309 

(Continued on page 724) 


with re 


RESEARCH METALLURGIST 


For basic researct n 
ical metallurgy. Adve 
swable Salary 
and experience 


Metals Research Laboratory 


Carnegie Institute of Technology 


Pittsburgh 13, Pa 


METALLURGIST: Several openings 
available in both plant production 
and research problems connected 
with stainless steel! manufacturing 
BS. degree in 


Excellent op 


in Eastern section 
engineering required 
portunity for young man to estab 
lish in large and progressive organ 
ization employee training 
and development 
attention in fulfilling company pol 
icy of promotions from within 


Box F-6M AIME 
29 West 39th St New York 18 


where 


receive coreful 


METALLURGISTS: Company engaged in 
basic process and pyro-metaiiurgy re 
quires several men for Production, De 
velopment and Quality Control who 
hove some experence in ne or nore 
of the following melting and Refining 
teeimaking, or Electri Furnace Opera 
tion. Excellent opportunities for qual: 
fied men. Hospitalization, insurance and 
pension plan pr fed by compony 
Piants located Midwest Nort? and 
south. All replies held strictly confiden 
tial. Submit detailed resume to 


Box AIME 
29 West 39th Street, New York |8 
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Additional classified advertis- i 
ing appears on pp. 719, 720. 4 


A 
nferrous phys 
| ced degree de 
|_| 
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PLANT SUPERINTENDENT 


T coordinate all production in 
arge Eastern Canada « pper re 
finery, which is now engaged in 
extensive expansion program 

Degree in Metallurgical or 
Chemical Engineering preferred 
Minimum 10 years experience in 
copper refining essential 

Salary commensurate with abil 
ity. Attractive insurance and re 
tirement benefits 

All replies will be treated as 
contidential 

Submit applications and recent 


photograph to 


The Manager, 

Canadian Copper Refiners Ltd. 
Montreal East, 

Quebec, Canada. 


STEEL TECHNOLOGIST 
OVERSEAS ASSIGNMENT 


Over 45, U. S. Citizen, fa- 
miliar with all types rolling 
mill systems, capable of 
guiding and expansion of 
mechanized and non-mech- 
anized mills 

Two-year term assignment 
in Asia, liberal salary, over- 
seas differential, housing, 
travel expenses for family 
Send complete resume with 
salary requirements 


J. A. Metzger 
ARMOUR RESEARCH 
FOUNDATION 
of Illinois Institute of 
Technology 
10 West 35th St 
Chicago 16, Illinois 


ENGINEER 


HIGH TEMPERATURE 
METALLURGY AND 
CORROSION RESEARCH ON 
NUCLEAR FLIGHT PROJECT 


This senior research posi 


engineer brings to this posi 
tion will be effectively em 
ployed in research designed 
to provide improved metals 
and alloys for use in an alr 
craft nuclear power plant 


The job requires a degree 
in physical metallurgy or 
metallurgical engineering 
and 8&8 to 10 years experi 
ence in working with high 


temperature or corrosion 
all 


resistant metals an 
‘If directly rela 
spent on obtaining an ad 


vanced degree may be con 
sidered part of the experi- 


Publication of research re 
sults in the appropriate 
classified or open literature 
is encouraged 


OPENINGS IN THE 
WEST AND MIDWEST 


Address replies stating salary 
ements te 


BOX NO. F-5M AIME 
29 W. 39 St., New York 18 


PROCESS 
DEVELOPMENT 
ENGINEERS 


Several exceptional career oppor 
tunities have developed in a fast 
growing division of a leading corpo 
ration. Development work includes 
sheet metal welding and brazing 
casting, forging, and extruding 
Openings at many experience lev 
els. Send typewritten resume in 
cluding present earnings to 
Box F-2M_ AIME 
29 West 39th St, New York 18 


WESTINGHOUSE RESEARCH 
LABORATORIES 
METALS JOINING 

Metallurgy Physics 
Physical Chemistry 
M.S. or Ph.D. Degree 
Fundamental and Applied Research 
Theory of Welding Arcs 
Weldability of 
High Temperature Alloys 
Joining of Dissimilar Metals 
Joining NonFerrous Metals 
SEND CONFIDENTIAL RESUME 
INCLUDING SALARY DESIRED 
TO 


Mr. J. Heuschkel 
Westinghouse Research 
Laboratories 
Beulah Road, Churchill Boro 
Pittsburgh 35, Pa 


METALLURGISTS 


eral openings exist in the Metallurgi 


cal Department ir plant it Pitts 
burgh, Aliquippa, Pa ad Cleveland. for 
Metallurgical Engineer with up to five 
ears experience im metallurgical investi 
gation work in the steel industry Salar 
will t based on appleant’s training 
and previous experience Facellent long 
term opportunities for progre within the 
I either in the technical organi 
vation or operating departments. Liberal 
scation, retirement and imsurance pro 


J. A. Hill 
Research and Development Dept 
Jones & Laughlin Steel Corp 

3 Gateway Center 
Pittsburgh 30, Pennsylvania 


NUCLEAR 
MATERIALS 
ENGINEERS 


An opportunity to work with an organization that 
encourages originality. This approach has made 
our Nuclear Division one of the fastest growing 


in the industry. 


The following opportunities exist for Senior Engi- 
neers who can supervise and direct an operation: 


FUEL ELEMENT DEVELOPMENT 
ANALYTICAL CHEMISTRY 
REACTOR CORROSION 
METALLOGRAPHY 


LIQUID METAL HANDLING 


Your reply will be treated in confidence 


J. J. HOLLEY 


MARTIN 
BALTIMORE 3, MARYLAND 
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Ast 
tion in the ipplication of 
nuclear energy to the field iis 
of flight call for both ver a 
satility and breadth of cre 
itive thinking. Every bit of 
the talent that the aq fled ae 
z 
ne 
ura 
If interested, please send your resume fae Z 
to 
7 


FUTURE in 
ATOMIC POWER 


Atomic power, we feel, offers out- 
standing opportunity for an en- 
gineer or scientist to grow pro- 
fessionally. It's new enough so 
that the work is challenging; still 
it’s well enough established so 
that a capable man can make 
real progress. 

If you are interested in a non- 
routine position that will use all 
of your education and experience, 
we suggest you investigate the 
future with the leader in Atomic 
Power. At Hettis Plant, there 
are select positions open for 
specially qualified: 


® PHYSICISTS 

® MATHEMATICIANS 
METALLURGISTS 

® ENGINEERS 


Write for the booklet ‘To 
morrow's Opportunity TODAY" 
that describes opportunities in 
your field. Be sure to indicate 
your specific interests, 


Write: Mr. A. M. Johnston 
Dept. A-54 
Westinghouse Beftis Plant 
P. 0. Box 1468 
Pittsburgh 30, Penna. 


BETTIS PLANT 
Westinghouse 


FIRST IN ATOMIC POWER 
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FOR METALLURGIST Assistant General Plant Superin 


tendent, 5 to 10 yeors experience 
Graduate engineer under 30 needed in production operations related to 
by progressive metal producer to heavy nonferrous metals, particu 
direct new vacuum melting opera larly nickel and cobalt, with a de 
tion in mickel, cobalt, and iron base 
alloys Location in Michigan at 
salary based on your ability and re 
lated experience Your reply must 
give full story of education, em benefits, low taxes. Write 


gree in Chemica! Er gineering Met 
allurgy Unusual opportunity in 


our Cubon operations employee 


ployment, and past earnings 


GEORGE & DIX 
Management Consultants, Federal 
»quare Bidg., Grand Rapids, Mictr 


Box F-8BM AIME 
29 West 39th St New York 18 


RESEARCH SCIENTISTS AND ENGINEERS 


Crucible Steel Company of America offers outstanding opportunities for creative 
development and advancement in its expanding Research and Development 
Laboratory in Pittsburgh 

Openings providing attractive income and benefits for qualified engineers and 
scientists holding B. S. degree or higher. Research is conducted in the fields of 
PHYSICAL METALLURGY PROCESS METALLURGY 
HIGH TEMPERATURE MATERIALS PHYSICS AND CERAMICS 
PHYSICAL MEASUREMENTS WELDING PRODUCTS 
CHEMICAL ENGINEERING AND 

AND TECHNOLOGY 

INORGANIC TECHNOLOGY 


MAGNETIC MATERIALS 


Send confidential resume. inc luding education, experience and salary desired to 


Mr. A. A. Marquer Jr 
EMPLOYMENT OFFICE 


CRUCIBLE STEEL COMPANY OF AMERICA 


Henry W. Oliver Building Pittsburgh 22, Pa 


ENGINEERS 
RESEARCH and DEVELOPMENT 


Excellent Opportunity for Advancement in 
Expanding Technical Activities 


CHEMICAL or METALLURGICAL ENGINEERS 


BS or MS or PhD with 3 to 15 years experience in any of: 


Chlorine or fluorine and sulphate chemistry or metallurgy 

Electro-Chemistry or Electro-Metallurgy 

Production and use of powdered metals (Cermet experience 
helpful) 

Research and development problems related to ore treatment 

= production of lead, zinc, copper and by-products and 

alloys 


PHYSICAL CHEMIST or METALLURGIST 


BS, MS, PhD or equivalent with 10 to 25 years experience in non-ferrous 
(probably copper) metals and alloys to organize and direct research 
and development in improvement of copper and its alloys 


Compensation and benefits excellent 
Recognition for outstanding progress 


Send complete resume including sal- 
ary requirements to 


F. H. Beardsley 
THE AMERICAN METAL COMPANY, LIMITED 
61 Broadway, New York 6, N. Y. 


3 
| ] 


NEW 7OVERY... ? levements af 
Notable A NEW DISCOVERY... One of the recent achievements at JPL in 


the field of high temperature materials came as a result of careful X-ray 
diffraction studies of high purity alloys especially prepared at the Lab- 


/ Iehievements oratory. A previously unknown compound was discovered in the titan- 
SYA ium-aluminum alloy system, probably accounting for the low ductility 
at observed in certain of these alloys. 


Leadership in Materials Research 


To provide the new kinds of materials required for the unusual 

JPL JOB OPPORTUNITIES ARE requirements of rockets, missiles, and nuclear propulsion, the Laboratory 
WAITING FOR YOU TODAY is engaged in research on materials suitable for high temperature uses 
in these fields and having high strength with minimum weight. This includes work in 


metallurgy, ceramics, solid state physics, and chemical thermodynamics. 


CHEMISTRY 
NUCLEAR PHYSICS 
METALLURGY 


We are now examining the mechanical behavior of metals and 
ceramics near their melting points, phase diagrams and properties of 
; alloys, diffusion in solids, kinetics of phase formation, crystal structures, 
SOLID STATE PHYSICS and crystal imperfections. Thermodynamic studies of alloys and of 
CHEMICAL ENGINEERING high temperature materials are in progress in relation to phase equilibria 


HEAT TRANSFER and to corrosion resistance 
COMBUSTION The work in materials has companion efforts, comparable in scope, 


MECHANICAL ENGINEERING 
NUCLEAR ENGINEERING 


related to liquid and solid propellants, and to nuclear propulsion. 
Additional openings are available for qualified scientists. If the 
challenge of new problems in research interests you, please write us 


outlining your education and experience. 


CALTECH JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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Due to Stoke, vacuum lock design, operators can manipulate the melt during the heat without releasing 


vacuum. Purnace is used for production of spectal alloys at Cannon-Muskegon Corporation, Must n, Mich 


The metals industry is profiting from 
the use of other STOKES production equipment 


Vacuum Metallizers. Stokes offers a com Powder Metal Presses. Cost savings and Vacuum Pumps. For rapid evacuation and 
plete line of vacuum metallizing equi the compacting of incompatible alloys holding high vacuums, Stoke tter 
ment to plate metals for improved surface have made powder metallurgy an accepted mechanical pumps, and “‘Ring-Jet o1 
finish also to provide conductive process. Stokes offers the most complete vapor diffusion and booster 5 ps. New 
coatings on non-conductive materials line of presses in the industry design atiords 10 to 100% greater speeds 


hy 413 4 
a” 


‘“MasterMet”’ 
high temperature alloys 


vacuum melted 


in Stokes furnace 


Another example of how Stokes vacuum furnaces aid industrial 
utilization of the new technology of vacuum metallurgy. 


F the hot components of leading types of 


et engines, Cannon-Muskegon produces a 
line of special vacuum melted alloys. Engineered 
primarily for high temperature service, these 
alloys are supplied as ingots and billets for in- 
vestment casting. 


A Stokes Vacuum Furnace provides perform- 
ance to the exacting specifications required for 
this work. Its design is the result of close 
cooperation between Cannon-Muskegon and 
Stokes engineers. The furnace has a capacity of 
500-pounds per heat 


In the words of George W. Cannon, Jr., com- 
pany president, “The equipment has performed 
in accordance with our specifications a leak 
rate of 8 microns per hour and permits 


Reference Data: 


Microvac Pumps—Catalog 750 

Diffusion and Booster Pumps 
Specification and performance data 

Story of the Ring-Jet Pump 

How to Care for Your Vacuum Pump 
Booklet 755 

Vacuum Furnaces—Catalog 790 

Vacuum Metallizing—Catalog 780 

Vacuum Calculator Slide Rule 

Powder Metallurgy Today 

Powder Metal Presses—Catalog 810 


pouring of vacuum alloys at pressures less than 
10 microns.” 

If you are planning to explore the interesting 
potential of modern vacuum metallurgy, plan, 
too, to take advantage of the undisputed 
leadership in equipment and experience which 
Stokes can apply to your problem. Prime sup 
plier of vacuum furnaces for production use, 
Stokes incorporates the fedtures you need for 
simplified operation and dependable service 
With the Stokes vacuum loc 4 you can make 
multiple melts and manipulate the melt without 
breaking the vacuum. High capacity pumping 
systems, combining new Stokes Ring -Jet Booster 
Pumps and rugged Microvac roughing pumps 
provide fast evacuation and dependable holding 
of desired vacuum 

A Stokes engineer will be glad to consult on 
your specific application, help you select the 
most suitable of the many basic Stokes designs 
for your work, and engineer modifications to 
your special requirements. For technical data, 
write for Stokes Catalog No. 790, “High 
Vacuum Furnaces.”’ 

F. J. STOKES MACHINE COMPANY, 
Vacuum Furnace Division, 5506 Tabor Road, 
Philadelphia 20, Pa. 
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Personnel Service 


(Continued from page 718) 


Application Development Engi- 
neer, young, mechanical or meta! 
lurgical graduate, for experimental 
laboratory and field promotion of 
metallic coatings. Location, Midwest 
W 3306 


Technical Control Engineer, meta 
lurgical or mechanical, to 50, with at 
least five years experience in foundry 
and metallurgical laboratory. Know! 
edge of bronze foundry technique 
Will be responsible for development 
and improvement of production foun 
dry technique method and con 
trol calculations of all charges in 
foundry development of pecial 
procedures for melting, moldmaking 
coremaking; assist in operation of 
pilot foundry manufac 
tures valve Salary, $5400 to $6600 
a year. Employer will negotiate fee 
Location, Ohio. C4713 


Company 


Assistant Chief Metallurgist in the 
field of metallurgical production con 
trol, B.S. degree, for a manufac 
turer of power transmission prod 
ucts. Duties will involve heat treat 
ing, quality control, and staff super 
vision. Some experience desired but 
not essential if applicant has ability 
to supervise a staff. Salary to start, 
$6300 a year plus benefits. Location, 
upstate New York. W3295 


Technical Field Service Engineer, 
with mineral or metallurgical back 
ground, Should have three to four 
year experience, including ome 
laboratory as well as field work 
Salary $7200 a year Location, 
eastern U. S. W3278 


Recent Graduate, young metallur- 
gical or chemical engineer, to work 
on hydrometallurgical process, for 
research and development depart 
ment. Salary, to $5200 a vear. Loca 
tion, Texas. W3273 


Sales Engineer, under 32, metal 
lurgical background, degree not 
essary, with sales experience and a 
knowledge of welding, for company 
that manufacture alloy welding 
rods. Should be qualified to demon 
strate and service trouble in pet 
formance of ale duti Salary 
$6000 a year, Location, Philadelphia 
W3272 


Metallurgical Engineer or Metal 
lurgist with at least five years speci 
fication, proce and product ox 
perience in ferrous and nonferrou 
materials for instrument manufac 
turer. Location, Brooklyn. W3254 


Physical Metallurgist, BS: ex 
perience in welding, high tempera 


ture alloy and service analysi 
work is preferred but not essen 
tial, Company manufactures gage 
valves, industrial, and electronic in 


trument Salary to start, $6000 to 
$7000 a year. Location, Connecticut 
W3179 
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ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Dept. AIME members given 10 pct 
discount whenever possible. Please 
order Government publications direct 
from the agency concerned 


Chemical Engineering, Volume I 
Unit Operation by J. M. Coulson 
and J. F. Richardson McGraw-Hill 
Book Co. Inc., $9.00, 585 > pp., 1955 
Applying the basic principles of 
dynamics, heat and mass transfer 
discussed in Volume I, this volume 
deals with such operations as flow 
of fluids through granular beds and 
packed columns, filtration, gas clean- 
ing, leaching, distillation, crystalliza- 
tion, and drying. Although basic 
principles are stressed, the treatment 
is sufficiently practical to be of value 
to engineers in industry 


Titanium, Metallurgy of the Rarer 
Metals, No. 4, by A. D. McQuillan 
and M. K. MeQuillan, Academic 
Press Inc.. or Butterworths Scien- 
tific Publications, $10, 466 pp., 1956 

A comprehensive survey of the 
basic properties of titanium metal 
and its alloys is presented, rather 
than details of its industrial tech- 
nology. Since titanium technology is 
unusually dependent on the funda- 
mental nature of the metal, the prin- 
ciples involved in the production 
and processing on an industrial scale 
have been included. The chapters 
have been arranged to give a unified 
picture of the metal and to facilitate 
continuous reading 


Books for Engineers 


An Outline of Atomic Physics, by 
Oswald H. Blackwood and others, 
John Wiley & Sons Inc., $7.50, 501 pp., 
3rd edit., 1955.—In this book written 
for readers with a knowledge of 
elementary physics, structures of 
atoms and molecules and the nature 
of radiation are discussed. Estab- 
lished subjects such as the periodic 
system and the Bohr model of the 
atom, as well as newer topics 
nuclear fission and cosmic rays—are 
also covered 


Birth and Development of the Geo- 
logical Sciences, by Frank Dawson 
Adams, republished by Dover Publi- 
cations Inc., New York, $1.95, 511 
pp., illustrated, 1955.—Including ma- 
terial drawn from over 500 writers 
such as Aristotle, Becher, and Hum- 
boldt, the author shows the chief 
difference between scientists of the 
modern era and those of the past 
the superstitions once held by scien- 
tists. The book is a collection of 
early metallurgical lore 


Specifications and Tests for Electro- 
deposited Metallic Coatings, ASTM, 
$1.85, $1.40 for ASTM members, 96 
pp., 1955.—Coatings of zinc, cad- 
mium, Ni-Cr, and lead on steel; Ni- 
Cr on copper and zinc, and chromate 
finishes on zinc coatings are included 
in the specifications given Several 
recommended practices for chro- 
mium plating on steels and the 
preparation of various metals for 
plating are discussed. Local thick- 
ness and other test methods are also 
included 


BLAST FURNACE 
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of off binds 
Heavy Mose Super 


CASTINGS 


SMEETH-HARWOOD COMPAN 


8524 Vincennes Ave., Chicago 20, Ill. 
in Canade—The William Kennedy & Sons, itd., Owen Sound, 


last Furnace Copper Castings—also Brass and Bronze Mill Casti 
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Proved in Use... 


Approved Users 


Both large and small foundries give many reasons 
for preferring TAM Master Alloy. They find 

it readily soluble in production heats of 
magnesium. Recoveries are high. Practically 

no tuming ts experienced. And the notch bars 


are easy to handle and store, 


The magnesium product has a refined grain 
structure gains high strength at elevated 
temperatures, It is free from Microporosity or 


microshrinkage and is “cleaner”. 


Your first order will prove to you that 

TAM Master Alloy is a most economical and 
convenient method to use in introducing 
Zirconium to production heats of magnesium, 


TAM 
PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 
Executive and Sales Offices 
111 Broadway, New York City 
nerval Offices, Works and Research Laboratories 


Niagara Falls, New York 


Your order or your inquiry will receive prompt attention when addressed to our New York City office. 
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INTRODUCED TO THIS COUNTRY in 1906 by the Halcomb Steel Company, the 
orginal American steelmaking furnace is now enshrined in a park on 
the grounds of Crucible Steel Company's Sanderson-Haleomb Works 


Syracuse, N.Y. Installed and operated under the personal supervision 
of ite inventor, the celebrated French scientist 
it was a three ton, single phase unit and the prototype of the modern 


Heroult electric furnace 


Cheaper 
Method making 


Quality 


The little Heroult shown above was the first ele 
tric melting furnace ever used in this country 
Imported from France in 1906, it signalled the be 
ginning of a new era of American steelmaking 

From the very beginning, the Heroult has been 
accepted as the most economical and best method 
of producing high quality special purpose steels 
and today under certain conditions, large electri 
furnaces are competitive with open hearths 

Modern Heroult electric furnaces are available 
in sizes ranging in holding capacity from 6000 Ibs 
up to and in excess of 400,000 Ibs. Both gantry 
and sawing typ rool removing mechanisms are 
available. Door-charging furnaces and furnaces 
of special design, including units equipped with 
austenitic steel bottoms to permit induction stir 
ring, can also be supplied 

We welcome an opportunity to help you select 
and install the Heroult best suited to your require 
ments Please remember, however, that because 
the Heroult is a precision engineered unit made 
to your particular requirements, it is advisable 
to antuapate your future needs as far in advance 
as possible The Heroult we make and install for 
you will be the finest electric furnace that money 
can buy’ 


Paul Louis Heroult, 


ONE OF TWO 24'6” inside shell diameter Heroult electric melting furnaces 
installed in the ultra-modern mill of McLouth Steel Corporation in 
Detroit. These, the largest melting furnaces in the world, with trans 
former capacities in excess of 33,000 KVA, are capable of producing 
heats of more than 400,000 Ibs. Featuring electro-mechanical controls 
throughout with swing-type roofs, they are equipped with the finest 
mechanisms and electrical apparatus available 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL CORPORATION, GENERAL OFFICES. 525 WILLIAM PENN PLACE, PITTSBURGH, PA 


Contracting Offices in New York, Philadelphia, Chicago, Sen Francisco, and other principal cities 
United States Steel Export Company, New York 


SEE THE UNITED STATES STEEL HOUR. It's o full-hour TV program presented every 


other week by United States Steel. Consult your local newspaper for time and station 


| From France fifty years ago, came this — 
| | | 
Na] 
— 
ELECTR ES 
| FURNAY uss 


for accurate analytic results 
use Gtem precision equipment 


DILATOMETER 
for accurate metal analysis 


Researchers consider dilatometric analysis the most sen 


sitive and reliable method for precise determination of 


the expansion coefficient of metals, alloys, etc. The 
DILATOMETER records volume changes in relation to its 
own temperature (absolute curve), yielding data from 


which the expansion coefficient may be determined 


Leitz METALLUX 


for easier, quicker metallography 


Metallography is easier with the METALLUX—unob 
structed upright stage inclined eyepieces, unique quin 
tuple nosepiece, built-in light and low position controls 
for relaxed operation. Accessory equipment available 


for phase contrast material testing and photography 


Leitz KPM microscope 


for precise coal petrography 


Engineered specifically for coal petrographic investiga 
tion, including examination by polarized or ordinary 
light, quantitative analysis and microscopic measure 


ment. Fusain analysis readily accomplished by coal 


slide-comparison eyepiece with re volving disc 


Ee. LEITZ, INC., Dept. IM-6 
468 Fourth Ave., New York 16, N.Y. 


Please send me additional information on the 
ses 


[] DILATOMETER METALLUX KPM 


Nome 


« 
state 


E. LEITZ, Inc., 468 FOURTH AVENUE, NEW VORK 16, WN. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES - CAMERAS + MICROSCOPES + BINOCULARS 
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EJC Reports on: 


Professional Standards and Employment Conditions 


ops the members of most learned professions, 
the engineer usually is an employee rather than a 
private practitioner. Surveys indicate that about eighty 
per cent of professional engineers are in the employee 
classification, and thi: ituation creates 
special problems which are not inherent in the other 
professions. One such problem is how specifically to 
create and maintain an employment atmosphere con 
istent with high profes tandard 

Certain conditions of employment have had a pro 
found influence on engineers and, among other factors 
have caused a number of professional employee groups 
to turn to collective bargaining. There is a need, there- 
fore, for the engineering profession to state clearly the 
employment conditions that engineers expect as pro 
Employer hould align their policies 
with respect to the engagement of professional engi 
neering personnel to meet these expectations. Mutual 
understanding between employers of engineers and the 
engineering profession is essential to the establishment 


sometime 


ional 


fessional men 


of an environment which will encourage the individual 
ional stature 

A special committee of Engineers Joint Council was 
charged with a study of this employment problem and 
the preparation for Engineers Joint Council of “a 
means of education of and vertical communication to 
the membership of the constituent societies (including 
tudents) concerning condition urrounding unioniza 
tion of professional personnel.” 

Another assignment of the special committee was 
the preparation of information for employers of engi 
neers concerning employment practices, educational 
opportunities, and general measures for professional 
development that influence the attitudes of engineers 
ional outlook 


engineer to achieve full profe 


toward a true profs 

This study treats but one of many problems confront 
ing the profession. Engineers Joint Council will con 
tinue it tudy of the problems related to the employed 
engineetT 


THE PRESENT SITUATION 


The expansion of engineering from its beginning in 
military and civil engineering a century ago to a mul 
tiplicity of disciplines today has created a host of 
problen Of major concern to the engineer is his 
relationship as a professional man with his employer 
This relationship is influenced largely by employment 
including training programs, se 
curity policie levels of responsibility, job classifica- 
tions, and identification with management 

Because the needs, responsibilities, and contributions 
of professional employee have not been recognized 
adequately in some instances there has been a move 
ment toward the unionization of engineering person 
nel. This has had an adverse affect on the professional 
concepts of many engineers for a professional man 
must rely first on his own personal competence and 
integrity for recognition. In addition, confidential re 
lationship hould exist between employers and 
professional engineers have been jeopardized 

The fact that there has been a trend toward collec 
tive bargaining by engineer in spite of widespread 
reluctance to participate in such action, indicates the 
existence of unsatisfactory conditions. The engineering 
profession and management have a great stake in the 
solution of the problem and the latter must accept its 
share of the responsibility for alleviating unfavorable 
employment conditions 


THE CAUSES OF THIS CONDITION 


Reasons which have fostered collective bargaining 
have been studied and may be 


conditions alaries 


which 


among engineer: 
grouped as follows 


728—JOURNAL OF METALS, JUNE 1956 


Professional Treatment 
l. A feeling among engineers that they were not 
identified with management, whether they were 
employees in industry, private engineering firms, 
or public service 
Inadequate channels of communication between 
top management and nonsupervisory engineers 
3. Inadequate recognition of the engineer as a pro- 
fessional employee 
4. Assignment of engineers to subprofessional work 
5. Undue retention of engineers in specialized and 
narrowly compartmentalized assignments 
6. Lack of appropriate means for resolving indi 
vidual problems 


t= 


Personal Treatment 
1. Inadequate recognition and treatment of the en- 

gineer as an individual 

Lack of broad position classifications and appro- 

priate titles by which the engineer could meas- 

ure his progress 

3. Inadequate or nonexistent plans for training and 
job rotation 

4. Inadequate understanding of promotional policies 
and belief that progress and promotions were 
not commensurate with ability and performance 

5. Feeling of insecurity of employment 

6. Management’s human relations knowledge and 
skills have not kept pace with the expanded 
utilization of engineers 


te 


Financial Treatment 
1. Engineering salaries not 
fundamental contribution 
2. Too small a differential between the pay of en- 
gineers and members of the skilled trades 
3. Salaries of experienced engineers not sufficiently 
increased, in comparison with present starting 


commensurate with 


salaries 
4. Wide variation in salaries paid to engineers do 
ing comparable work in different organizations 
5. Dissatisfaction with merit review systems and 
inadequate understanding of salary administra 

tion 

Faced with these conditions, some engineers have 
resorted to unionization in the belief that corrective 
action could be effected only by pressures on manage- 
ment through collective bargaining. Even though they 
may have realized that professionalism requires free- 
dom of action, these engineers appear to have been 
willing to submerge this principle in their attempt to 
get more pay and better working conditions through 

union activity. 


SUMMARY OF HISTORICAL BACKGROUND 
The accelerated development of mass-production 
techniques in this century stimulated a rapid rise in 
labor union activities. Labor and management faced 
common problems of increasing complex't In 1935 
the United States Congress enacted the National Labor 
Relations Act, better known as the Wagner Act, which 
guaranteed to employees the right to organize and to 
bargain collectively and protected labor unions against 
specified unfair labor practices on the part of manage- 
ment. At that time there was little realization on the 
part of the professions of the potential impact of the 
Wagner Act on professional employees. However, the 
established labor unions soon took advantage of the 
situation and it was not long until many professional 
employees found themselves included, against their 


individual desires, in heterogeneous bargaining groups 


— 


Legally, it was possible to form bargaining groups 
composed solely of professional employee Practically, 
it was difficult to do so. Wherever a heterogeneous bar- 
gaining unit existed, it was next to impossible for pro 
fessional employees to segregate themselves since the 
Wagner Act made no distinction between them and 
nonprofessional worker: 

Some engineering societies, particularly the Ameri- 
can Society of Civil Engineers, undertook to chart a 
course of action designed to assist professional em 
ployees against inclusion in heterogeneous groups. At 
first, the effort met with but minor success. Later, 
Engineers Joint Council determined to present its 
views to Congress with the hope that the Wagner Act 
might be amended to provide recognition of the status 
of professional employees and to enable them to act 
effectively on their own behalf. Pertinent clauses are 
included in the Labor Management Act enacted by Con- 
gress in 1947—better known as the Taft-Hartley Act 

Of interest to the engineering profession, this law 
specifically provides under Section 9 (b) 


whether 
freedor in exercising 
anit ppropriate for 
be the «¢ ployer unit 
of; PROVIDED that the 
ippropriate for such purp 
loyee ind emplo 


In each case 


Under the Taft-Hartley Act a group of professional 
employees in any place of employment may decide by 
majority vote of their own numbers whether they want 
to form a unit of their own for collective bargaining 
purposes, to join with some other bargaining group, or 
to refrain from collective bargaining entirely 

It was hoped that the amended act would provide a 
satisfactory solution to the inclusion of engineers in 
heterogeneous unions. Professional employees could dis 
associate themselves from heterogeneous groups. It wa 
not expected that employees of professional status eve 
would desire anything like a nation-wide bargaining 
union. It was hoped that labor unions would respect 
the statutory rights of professional employee 

Those hopes today lack much of full realization 

A number of bargaining groups of profe 
ployees have come into existence. Some appear to have 
functioned constructively; the same hardly can be said 
of others. Already there is a nation-wide union, self 
designated as an engineering union, which aspires to 
power. Although some professional employees have 
been able to disassociate themselves from hetero- 
geneous groups, craft unions, particularly in the con 
struction industry, are forcing more and more engi 
neers into their ranks by bringing economic pressure 
upon employees, thus avoiding the election machinery 
of the Taft-Hartley Act. Clearly, many members of the 
engineering profession and employers of engineers are 
not doing enough to ensure enforcement of the letter 
and the spirit of the law 

The recent merging of the American Federation of 
Labor (AFL) and the Congress of Industrial Organiza 
tions (CIO) brings into being a large and powerful 
labor organization among whose objectives are in 
creased efforts toward unionization of office employees 
and technical personnel. That effort will have direct 
impact on professional engineers 

To obtain reliable statistic 


ional em 


regarding the current 


status and thinking of a cross-section of the enginee! 
ing profession, four constituent members of EJC, 
namely, ASCE, ASME, AIEE, and SNAME, polled 
117,917 of their members on specific questions concern 
ing collective bargaining. Of those polled 66,938 o1 
57% , responded 

Returns showed that 48,082, or 72%, of the 66,938 
respondents opposed collective bargaining for profes 
sional engineers, and that 44,168, or 66%, felt that col- 
lective bargaining is 
status 

Further, the 66,938 responses showed that less than 
4% were actually members of established collective 
bargaining groups; 27° not being opposed 
to collective bargaining; 20% reported that they be 
lieved collective bargaining would be advantageous to 
them; and finally, less than 1% of the membership of 
three member societies (the fourth did not ask the 
question), would prefer to be represented by a craft 
labor union 

These results present a challenge to the engineering 
profession and to engineering management. The think 
ing of the remaining 43% of the 117,917 members 
polled, who did not respond to the questionnaire, is 
still unknown, but, assuming that the sample was 
representative, there would then be 30,300 members 
who are not opposed to collective bargaining for pro 
fessional engineers 

These results emphasize the situation confronting the 
profession in spite of the protective clauses in the Taft 
Hartley Act 


incompatible with professional 


reported a 


Statement of the Problem and Suggested Solutions 
A summary of the above might lead to two basic 
reasons for the present situation 
l Engineers have not always realized and under 
stood the professional characteristics of their 
roles 
Management has not always realized and ac 
cepted its obligations to engineer 
If these are the causes, the problem then may be 
tated as how to get the engineer to appreciate the 
professional characteristics of his position and how to 
get management to realize and accept its obligations to 
its engineer 
Immediately certain solutions present themselves, 
and these may be listed under five main headings 
] Point out to the engineer and reemphasize to him 
that engineering is a profession and that he there 
fore has certain definite responsibilities 
through all feasible 
to the engineer 


Point out to management 
ways, that it has responsibilitie: 
ing profe ion 
Point out to profe 
they should play in the 
profe sion 

Point out to engineering educator their re 
ponsibilitic for developing professional con 
cepts in their student 

Point out to society the contribution of the engi 


ional societies the part which 
advancement of their 


neer to its general welfare 
The purpose of the rest of this report will be to bring 
to the attention of all concerned their respective re 
It is hoped that sufficient distribution and 
timulate a realization 


ponsibilitie 
publicity will be given to it to 
on the part of the public that engineering is a pro 
fession with high ideals and one that has made pre 
eminent contributions to our modern civilization and 
high standard of living 


ENGINEERING—A PROFESSION 


Engineering is the art and science by which the 
properties of matter and energy are made useful to 
machines, and products. Accomplish 
not only scientific training, 
judgment, and an ap 
preciation of the economu involved. The work of 
predominantly intellectual and varied 


man in structure 
ment of these ends require 
but also creative imagination 


the engineer | 


(Continued on page 730) 


JUNE 1956, JOURNAL OF METALS—-729 


| 
The Board shall decide sure 
to employees the fullest lat pie tak 
unteed by this Act, the of ete 
collective bargaining sh int 
unit, or subdivision the ll ae 
uch unit includes both ees 
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EIC REPORTS— Continued from page 729 

The dictionary defines engineering as a mental ac 
tivity rather than a manual skill. The engineer must 
exercise discretion and judgment, he must wish to 
erve, and his relationship with management must be 
one of confidence; in fact he is part of management 
The engineer is charged with the protection of the 
public health and the public safety. The builder of a 
bridge, an airplane, a water supply, a dynamo, a 
kitchen range, an automobile, or a chemical plant 
must be concerned with its safe operation. Responsi 
bility rests upon his shoulders; if he does not accept 
that responsibility, he is not professional 

Professions require knowledge and skills on a high 
plane and all require that the practitioner work in a 
relation of confidence. In the ministry, medicine, and 
law this relationship is usually on an intimate personal 
basis, but in engineering it usually is more general 
and, indeed, involves obligation to the public at large 
as well as to the employer or client. The engineer's 
code of ethics requires that “he will have due regard 
for the safety of life and health of the public and em- 
ployees who may be affected by the work for which he 
is responsible” and that “he will act in professional 
matters for each client or employer as a faithful agent 
or trustee.’ 

Since clients and employers usually do not have the 
technical knowledge necessary to judge technical work, 
the engineer is bound to place their protection above 
his personal convenience or his immediate personal 
gain. A fundamental principle of professional re 
ponsibility is trusteeship. This is also a fundamental 
principle of management. To the employed engineer 
this means that the professional attitude involves a 
management-oriented” point of view 

Engineering operations today are varied and ex 
tensive. Men at all levels of training and competence 
are required to carry out vast engineering enterprises 
The work of the draftsman, the layout man, the tool 
maker, the plant operator is indispensable, but does not 
require the imagination, the educational background, 
nor the judgment of the engineer who conceives and 
executes the broader aspects of the projects 

The work of a truly professional engineer is so far 
from a routine, established pattern that only he can 
provide the initiative, the discretion, and judgment to 
achieve the successful accomplishment of his particu 
lar tasks. Because he alone knows with what compre 
hension, ability, and likelihood of success he ap 
proaches his assignment, the professional must accept 
individual responsibility or else advise his client or 
employer that other help is needed 

Professional attitude involves the following five basic 
concepts 


1. A social consciousness, a desire to contribute to 
rather than simply to benefit from civilization; a 
resolve to place the public welfare above other 
considerations 

2. The acquisition of special skills on a high intel- 
lectual plane, generally evaluated by means of 
self-imposed standards of excellence 

3. A sense of trusteeship—personal responsibility to 
protect the client's or employer's interest 

4. Individual initiative and acceptance of individual 
responsibility, both of the highest order 

5. A right to expect and to receive adequate finan 
cial recognition 


Prestige, however, is something that must be won. It 
cannot be bought or automatically accorded through 
affiliation with an organization. It is something that one 
can command but never demand. In the final analysis, 
an engineer achieves professional standing only to the 
extent that he accepts his responsibility to himself, to 
his client or employer, and to society 


Attainment of a degree in engineering from an insti- 
tution of recognized standing implies that the graduate 
has mastered a certain curriculum and that he has the 
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ability to understand, to assimilate, and to apply the 
knowledge that qualifies him to become a member of 
the engineering profession 

Although social consciousne is not necessarily a 
corollary to superior mental competence, most people 
who are endowed with such competence do have a 
ense of responsibility to the social order of which they 
are a part. They have learned to look on life an an op- 
portunity to contribute to the civilization that fostered 
them and thus to better the lot of those who follow. To 
the engineer who feels that life provides opportunity 
for constructive contribution to collective 
bargaining with its attendant potentiality for creating 
conflicting obligations is not acceptable 


society, 


Employee's Responsibilities in the Profession 


\ n engineer, | will participate in none but honest enterprise 


engaged services as employer or client, I 
t of performance and fidelity Faith of the 


him that has 
give the utmo 


To 

The engineering employee is bound by the same 
ethical and moral principles that apply to a member of 
any other learned profession. The responsibilities of an 
engineering employee are many. He is obliged to per 
form the professional assignments entrusted to him to 
the best of his knowledge and ability. He should give 
needed professional counsel in hi pecial field and 
render loyal service. He should respect the economic 
problems of his employer. He should be thorough, ex 
peditious, original, and accurate in the execution of 
his duties and assignments. He should have a rational 
attitude toward his work and fulfill each task with a 
minimum of supervision. At all times he should strive 
to improve the quality and increase the quantity of his 
output 

Education is important to the engineer and he should 
foster its continuance for those who are subordinate to 
him. He should strive to recognize and to utilize the 
diverse capacities of all fellow employees. He should 
strive for good planning and clear, concise reports. He 
should be friendly and maintain good appearance. He 
should develop the ability to be a good listener as well 
as the ability to express his thoughts effectively 

It is axiomatic that just as management has responsi 
bility to employees, so do employees have responsibili 
ties to management. The engineer employee should 
realize that he is not just another hired hand. He should 
know that to achieve full profe tature he must 
develop himself to rise above the technician or eng)- 
neering-assistant. He must have genuine desire to ex- 
pand his capacity, to extend his knowledge, and to im- 
prove his proficiency 

Any employee who is unwilling to assume respons! 
bilities beyond those accompanying his present job has 
little right to be critical about lack of advancement. If 
he feels that he is not getting earned recognition, it 
well may be that critical self-appraisal is in order. One 
cannot just wish himself up the ladder or depend on 
to push or pull him along the way to 


ional 


omeone ¢ Ise 
success. The fact that a man has acquired a bachelor’s 
degree in engineering does not, of itself, entitle him to 
ional recognition. It remains for each 


integrity, and 


any lasting profe 
individual to prove by his own ability 
conscientious application to duty that he deserves recog 
nition 


Management's Responsibilities 

Surveys show that more than forty per cent of man- 
agement were trained as engineers. It seems illogical, 
therefore, that often there is inadequate communication 
between management and engineers with consequent 
lack of understanding on the part of management of 
the reasons for dissatisfaction among professional em 
ployees 

Management must recognize the inherent profes- 
sional character of engineering work. It should be a 
policy of management to use its professional employees 
to the maximum of their capabilities. Except during the 
training period the engineer should not be assigned to 


(Continued on page 732) 
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NRC MODEL 917 and 


New Vacuum Analyzer 
for Determining 


HYDROGEN 
TITANIUM 


Here is a fast, accurate, low-cost method for determining 
directly the hydrogen content of titanium. This new 
Model 917 Hydrogen Analyzer can also be used with 
zirconium and similar metals. It has a range of 5 to 700 
ppm with a precision better than plus or minus 5 per cent. 
An analysis can be completed in 5 to 10 minutes. It is 
simple to operate and maintain and can be run by any 
competent laboratory technician. Data are automatically 
recorded. NRC analysts install and calibrate equipment 
and instruct operator. 


NRC MODEL 9128 Vocuum Fusion Gas Analyzer, the accepted 
standard for determining gas content of metals. ; 


Improved Standard Vacuum 
Fusion Gas Analyzer can 


DOUBLE No. 


ANALYSES 


This apparatus is the accepted standard for accurately 
determining the amount of oxygen, nitrogen and hy 
drogen in the range of | to 10,000 ppm by weight in 
a wide variety of metals and alloys. Model 91 2B now has 
two removable furnace assemblies. By cleaning one while 
the other is outgassing, down-time is reduced. Improved 
halogenated graphite cuts outgassing time. The resulting 
reduction in make-ready time can double productivity 
for some metals such as titanium. NRC analysts install and 


calibrate equipment and instruct operator. 


ANALYTICAL SERVICE. If your requirements do not justify purchase of an instrument, 
use the services of the NRC Analytical Department. Write for details and NEW low prices. 


NRC high vacuum products V 
include: dehydrators, freeze 3 


driers, gas analyzers, im- 


pregnators, gauges, metal EQUIPMENT 
lizers, pumps, volves, 
vacuum furnaces. CORPORATION 


NRC EQUIPMENT CORPORATION 
1 Swhsidiary of 
MATIONAL RESEARCH CORPORATION 
Dept 84, Charlemont Street, Newton ghlands 41, Mow 
Send more facts on Model 917 Model 9172 
Have your representative call 
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tasks which do not require his technical training and 

he should be individual and professional 

statu 
There must be opportunity for a continuation of edu 


important that professional employees be 
s of scien 


accorded 


commensurate with his contribution 


cation. It | 
given opportunities to parti ipate in activitie 
tific and technical societies. It is important that they 
their contributions to the advance 
profession as 4 


receive credit for 
ment of technical knowledge or the 
whole 

There be adequate between 
management and the prof There 
should be organized orientation and training program: 
for new employees, Engineers need to understand the 
basic policies of their employer They need to know 
their responsibilities and their opportunities for ad 
vancement. Adequate management employee commun 
ications require a day-to-day relationship supple 
mented by pericdic performance reviews, and other ap 


communication 
employee 


must 
ional 


propriate technique: 

Salaries must be established which will recognize the 
contribution of the professional employees as related 
to that of other groups. Salary differentials between 
various levels of technical experience have been ub 
stantially narrowed during recent year Engineet 
who, after a period of satisfactory employment, find 
their salaries are only slightly higher than those of the 
recent graduate and possibly lower than those of a 
skilled craftsman are not working in a favorable at 
mosphere 

Management must minimize the 
ity by adopting feasible means for 


fear of job insecul! 
tabilizing the em 


ployment of professional personne 1 and suitable 
termination policies Since many engineers become 
managers, there is a need to insure that they are 


employed and developed in an atmo phere which will 
fit them for their future responsibilities Executive 
talents must be developed by experience and training 
in phases which lead to managerial responsibilities 


Engineering Societies’ Responsibilities 

must take the lead in the 
Among the basic re- 
ocieties are the estab 


The engineering 
advancement of the profession 
of the engineering 
tandards of ethical conduct, rigid require 
accreditation of 


ponsibiliti 
lishment of 
ments for admission to membership 
educational institutions which 
grees, and awards and prizes in recognition of worthy 
contributions to the advancement of the profession 

The national engineering have an additional 
responsibility to foster a healthy professional climate 
for employed engineers Their governing boards and 
their individual members should unite in exerting their 
best efforts toward solving the problem. These respon 
sibilities are so challenging and so vital to the current 
problem that they must be considered as obligation 

Current efforts of national committees to encourage 
professional development of engineering soci ty mem 
bers and to promote recognition by the public of the 
professional character of the engineers’ work should be 
expanded, An objective evaluation of the problem 
should be continued, followed by specific recommenda 
tions for the good of the profession Engineering socie 
ties should adopt official statements for me mbership in 
formation with respect to collective bargaining to the 
extent permitted by their charters and constitutions 
They should acquaint their memberships with those 
provisions of the Taft-Hartley Act which have a special 
significance to profe sional engineers. Constructive 
programs for encouraging professional consciousness on 
the part of engineers both before and after graduation 
should be sponsored. Therefore, the engineering socie 
ties and Engineers Joint Council should inform man 
agement as to the standards that will contribute to full 
professional achievement 

The engineering societies should provide guidance 
and assistance to educational institutions confronted 


grant engineering de 


ocretie 
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with any problem which is detrimental to the achieve- 
ment of full professional training of students 


Engineering Education's Responsibilities 

Engineering colleges have a primary responsibility 
for developing professional concepts in engineering 
students. Professional concepts should be developed 
through their application to the solution of engineering 
problems in the technical courses, lectures, association 
with students, and by good example 

Opportunities for engineering educators to become 
better acquainted with the total environment in which 
engineers work should be expanded through temporary 
employment in nonacademic fields and the utilization 
of employers with “professional vision” in the class- 
rooms and student seminars. Such activities enable 
students to appraise their status more realistically upon 
graduation. 


Conclusions and Recommendations 

There are obligations and responsibilities resting on 
both employer and employee. Each, of course, has re- 
ponsibility to advance his own welfare. Beyond that, 
and yet a part of it, each has responsibility to the other 
and to society. Grave responsibilities for inculcating 
and developing professional consciousness in young 
of the profession rest upon the educ ational 
Various phases 


members 
institutions and professional societies 
of such responsibilities have been stressed in the sev- 
eral sections of this report 

Without a sound technical foundation no man can be- 
come a competent engineer. But more than technical 
competence is demanded of one who expects to be rec- 
ognized as a profe sional person. One must understand 
and observe appropriate ethical standards and it is 
important to cultivate prope! understanding of such 
tandard 

The ECPD program “The First Five Years of Pro- 
fessional Development” is an excellent step in the right 
direction. Here is opportunity for the engineering socie- 
ties. the colleges, industrial management, and civic 
institutions to work together to aid young graduates in 
continuing their education and in adjusting themselves 
to conditions to be met in the practice of their profes- 
ion 

The present report has been prepared with full real- 
ization that the subject refers chiefly to one phase of 
professional life. An attempt has been made to identify 
factors that have significant bearing on the specific 
problem under consideration Concerted efforts by all 
concerned with advancement of the profession are re 
quired if satisfactory solution is to be found. It is be- 
lieved that if the recommendations submitted are fol- 
lowed by those to whom they are directed, substantial 
improvement in the standing of the profession will 
result. There is no simple solution, but EJC recom- 
mends that 

1. Management utilize the engineers 

more effectively and thereby afford them oppor- 

for advancement and economic improve- 


services of 


tunity 
ment 

2 Management recognize its responsibility to make 
engineers feel that they are a part of manage- 
ment 

3. Management survey areas of communication, 
recognition, and salaries and, where found want- 
ing. correct to conform with standards of pro- 
fessional practice 

4. The engineer take inventory of his services and 
his actions to make sure that he has a profes- 
sional attitude toward his work 

5. Engineering societies establish and employ ap- 
propriate means to maintain high standards of 
ethical conduct for professional achievement 

6. Engineering societies encourage the professional 


development of their members and promote 


proper recognition of the profession 
7. Engineering educators emphasize the character- 
istics of the profession 


RADIO'S 
ONE- 
WAY 
STREET 


Dr. S. Weisbaum assembles an isolator which he 
developed for use in a new microwave system Dr. 
We ishaum is a Ph In Thicrowave spec troscopy from 
New York University. He is one of many young men 
at Bell Laboratories applying the insight of the physi 


cist to develop new systems of communication, 


New radio relay systems for telephone and television now 
in the making will employ an ingenious device invented by 
Bell scientists. The device, known as an “isolator,” senses 
which way microwaves are traveling through a waveguide, 
and stops those going the wrong way. 

In the new systems a klystron wave generator sends The hens of the 
signals through a waveguide to the antenna. The klystron is is a ferrite vleb 
must be shielded from waves reflected back along the wave- Geometric pattern 


guide by the antenna. The isolator stops reflections, yet \ is a carbon layer 
allows the transmitted signals to go through clear and strong. which dissipates 
reflected signals 


This isolator is a slab of ferrite which is mounted inside 
the waveguide, and is kept magnetized by a permanent mag- 
net strapped to the outside. The magnetized ferrite pushes 
aside outgoing waves, while unwanted reflected waves are 
drawn into the ferrite and dissipated. This “field displace- q@ At a radio relay station 
an isolator assures 


ment” action results from the interplay between microwaves 


and a ferrite’s spinning electrons. Bell physicists discovered 
from the output of the 
this action during their fundamental studies of ferrites. nigh onlavss-tinle 


amplifier to the antenna. 


This is another example of how Bell Telephone Labora- 
tories research works to improve American telephony and 


telecommunications throughout the world. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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INDUCTIO 
FURNACE 


_-fdva nce 


TOOL & DIE CASTING COMPANY 


Aluminum DIE CASTINGS Zine Base 


View above shows AJAX 
melting furnaces, with con- 
trol cabinets in back- 
ground. 


The Furnace 
That Stina 


Itself... 


The sectional view be- 
low shows the twin- 
coil stirring action 
of the 100 kW, 60 
cycle AJAX Induction 
Furnace. Heat induced 
in the secondary chan- 
nels below is con- 
veyed throughout the 
melt by electro-mag- 
netic circulation, as 
shown by the arrows. 


View showing AJAX.TAMA-WYATT 
20 kW, 60 cycle induction holding 


furnace supplying metol at exactly 
the right temperature to die cast- 


ing machines. 


Inherent stirring action of these fur- ing in elimination of oxides, reducing 
naces has proved most valuable to hard spot trouble in secondary machin 
ADVANCE TOOL & DIE CASTING CO.,_ ing to a negligible factor. Temperature 
Milwaukee, Wisc. In full operation for of the melt is held at 1170°F. through 
3 years, the most important result on-off control of the low power circuit. 
of the use of these furnaces is higher Working conditions are made more 
quality die cast aluminum parts. The comfortable because of low heat losses. 
alloy ts held in uniform solution, result- The units take up very little floor space. 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


INDUCTION MELTING 


le 


AJAX ELECTRO METALLURGICAL ond Assoc sated Ce ompanes 
AJAX ELECTROTHERMIC CORP... Frequency induction | yreaces 
ELECTRIC CO... tne Hultgren Gan 
AJAX ELECTRIC FURNACE CORP., Au fy aaces lor Meiung 
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RAMTITE: 


Stands Severe 
Test of 
435 Heats 


in Open Hearth 
Checker Chamber 
Fantail Area Side Walls 


RAMTITE was installed in the 
right and left corner walls of this 
open hearth checker chamber in 
May, 1955. Now, afer 435 heats, 
the walls are in excellent condi- 
tion and have materially reduced 
refractory maintenance costs 

The wash of the gases under 
the nose and the scrubbing ac- 
tion across the face of the wall 
have caused little damage to the 


RAMTITE. 


Expansion and_ contraction 
caused previous fire brick walls 
to bulge and separate at the out- 
side corner and at the junction 
of the corner walls and side walls, 
leaving them as leaky as the pro- 
verbial sieve 

RAMTITE, being monolithic, 
is air-tight, gas-tight, and flame- 
tight—no air infiltration. 

RAMTITE has proven that it 
can stand this severe service, and 
this company has expressed its 
satisfaction by making its sec- 
ond installation of RAMTITE 
corner walls 

Incidentally, all suspended 
checker chamber roofs and fan- 
tails at this mill are of RAMTITE 
construction. 

Remember, RAMTITE 1S OUR 
BUSINESS NOT A SIDELINE 


For more detailed information 


These RAMTITE checker chamber corner walls were installed 
call your local RAMTITE repre- in May, 1955. Pictures were taken after 150 heats. Part of 


sentative or mail coupon below RAMTITE roof also shown 


THE RAMTITE CO, 


Bill South Rockwell Sf Chicag a 


DIV. OF THE S. OBERMAYER CO 


Manufacturers of Plastic Refractories and Gunning Materials for Steel Mill Furnaces 
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At one stroke this press can forge pieces 10’ wide or 
24’ long. It can change a 2,000-pound aluminum slab 
into a complicated aircraft component saving mate 
rial as well as machining and assembly time. Cast and 


forged nickel alloy steels provide the strength and 


toughness needed in columns, cylinders, die-block hold 
ers and dies of this giant machine. Among the first of 
the facilities in the U. S. Air Force Heavy Press Pro 
gram, this unit is a notable engineering achievement 
of United Engineering & Foundry Co., Pittsburgh, Pa. 


Nickel alloy steels strengthen huge press 
for 35,000-ton squeeze 


E1GHT 200,000-POUND FORGINGS of steel fortified 
with 24,° nickel! That's what was specified to give 
this mammoth press essential strength. Used as four 
2-column units, these forgings are subjected to the 
tremendous force of 35,000 tons. 

Nickel alloy steel provides the level of strength 
and notch toughness required. These massive col- 
umns are each 61 high and 34” in diameter. When- 
ever a component's size restricts methods of heat- 
treating, or permits forging only limited portions at 
a time, improved strength and elastic properties 
depend particularly upon correct alloy content. 


Nickel alloyed steels are used for still other parts 
that encounter high stresses and loads. 


Dies and die holders gain needed stamina from 
additions of nickel. Among the largest steel castings 
ever used in press construction, the top and bottom 
die holders of this press are nickel-chromium-molyb- 
denum steel approximating the 4340 composition. 
Each measures 26’ by 12’ by 25” and weighs 350,000 
pounds. 

In many a metal, you can improve specific prop- 
erties by use of nickel alone or in combination with 
other alloy elements. When you seek the solution to 
a metal problem, let us give you the benefit of our 
wide practical experience. 

Send the details of your difficulty for our sugges- 
tions. Write us now. 


ico, THE INTERNATIONAL NICKEL COMPANY, INC. 
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Basic Bessemer Plant for South Wales 


Basic bessemer steel production has grown to over a million tons annu- 


ally in the 20 years since the process was revived in the U. K. for pro- 


duction of low carbon rimming steels. Newest plant is that to be built 
by the Steel Co. of Wales with three 50-ton bessemer (thomas) con- 
verters using oxygen enriched air blast. All previous production was 
in open hearths. The new Port Talbot plant will permit reduction in 
blast furnace burden costs through production of two grades of pig 
iron. Bessemer iron is to contain about 1.6 pet P, while iron for the 
open hearths will have some 0.4 pct P. Steel from both processes will 
be used to increase output of flat products on the continuous wide-strip 


mill. The bessemer shop will raise plant’s overall ingot capacity from 
2.4 to 3.0 million long tons, and a new 30 ft 3 in. diam blast furnace, the 
company’s fifth furnace, equal in size to the world’s largest, will in 


crease pig iron production by 10,000 tons per week 


All-Basic, Flat-Roof Open Hearth 
Inland Steel Co.'s first all-basic, flat-roof open hearth has poured 240 
heats with only a single patch so far. The patch was on the roof at the 


point where the oxygen lance is used and hot metal is poured into the 
furnace. This is the first flat-roof, all-basic open hearth using hot metal 
as part of the charge, although Keystone Steel & Wire Co. has a simi 


lar furnace in operation on cold charge at Peoria, Ill. Plant officials at 
Inland expect 390 heats from the all-basic roof before replacement, in 
contrast to an average life of 141% heats for arched silica brick roofs 


in the same open hearth shop. 


Climax to Double Molybdic Oxide Capacity 


With a heavy demand for high quality molybdic oxide for petroleum 
catalysts, the powder metallurgy industry, and corrosion and heat 
resistant alloys, Climax Molybdenum Co. is adding a second sublima- 
tion furnace at its Langeloth, Pa., plant. The furnace is expected to be 
in operation in September, doubling the company’s present 2.7 million 
lb capacity for high purity oxide 


Vacuum Remelting and Casting Facilities to Gain 
Allegheny Ludlum Steel Corp. is doubling its capacity for vacuum re- 
melting high-temperature alloys in consumable electrode furnaces 
Completion of this expansion at Watervliet, N. Y., to enable firm to 
remelt 1.5 million lb per month, is expected by year’s end. At the same 
time, Allegheny announced sale of technical knowledge and patent 


rights for the consumable electrode vacuum remelting process to Mid- 
vale-Heppenstal]l Co Experimental vacuum casting of large forg- 
ing ingots will start at U. S. Steel's Duquesne Works this summer 
Techniques being used for first time in U. S. improve quality of 
heavy forgings by reducing amount of trapped gases in the steel. Hot 
metal will be poured into the 31 ft high, 17 ft diam casting chamber at 
3 to 10 tons per min. The vacuum can be broken after solidification, but 


ingot cooling requires at least two days 
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oxygen steel-making practical 


OXYGEN—NITROGEN 


ne of the important new uses of oxygen in steel-making is its 
0 application in Top Blown Converters for the production of 
high quality steel at lower cost. This process is now being success- 
fully employed here and abroad and holds a prominent position 


in the expansion plans of the industry. 


For this and other large volume uses of oxygen in the steel 
industry, we are prepared to design and build “On-Location” 
Oxygen and/or Nitrogen Generators to fulfill your particular 


requirements on a lease basis—without capital investment 


We design and build: 

lLerge Capacity Tonnage Generators, regardiess of size, purity, high 
or low pressure cycle, with liquid oxygen pumps, if your oxygen 
should be under pressure 

or 

“Packaged” High Purity Generators, producing high purity oxygen 
and nitrogen simultaneously — oxygen delivered safely under pressure 
by Air Products patented liquid oxygen pumps 


Send us details regarding your requirements and we will give you 
actual figures on the savings you can expect with an “On-Location™ 
Generator installed at your plant. 


ir Products 


INCORPORATED 


Dept. V Box 538, Allentown, Pa. 
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YOUR PROGRESS... 


-isa factor! 


Ch service engineers are thoroughly familiar with 


electrothermic and electrochemical operations. They are 
competent to render high level technical advice to electrode, 


anode, carbon brick and mold stock customers. 


The alertness of these service engineers in anticipating 
customer needs and wishes is a characteristic plus factor in 


the trustworthiness of GLC carbon and graphite products. 


ELECTRODE The high degree of integration between discoveries in 
our research laboratories, refinements in processing raw 
materials and improved manufacturing techniques is further 


® assurance of excellent product performance. 


Divistoun 


Great Lakes Carb on Cor por ation 


FLECTRODES ANONES A COLDS ane SPECIALTIES 


ADMINISTRATIVE OFFICE. 18 East 48th Street, New York 17, N.Y. PLANTS WN agara Falls, N.Y., Morganton, N. ¢ OTHER OFFICES Niagara Falls, N.Y, 
Ook Pork, ill, Pittsburgh, Pa. SALES AGENTS: J. B. Hayes Company, Birmingham, Ala, George O O'Hara, Wilmington, Cal, SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Carbon & Chemical Co., ltd, Montreal, Canada, Great Eastern Carbon & Chemical Coa., Inc, € hiyoda Ku, Tokyo, Japan 
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The Columbium Shortage 


Ferrocolumbium 


is now available for Stainless Steel 
and High-Temperature Alloys 


Now that the government stock piling program on columbium The development of high-speed air raft has 
produced a wide-spread demand for high- 


has been completed, ample supplies of columbium are once 
temperature alloys containing columbium. 


again available for defense and civilian uses. This is important 


news, as industry may now use this valuable alloying element 


to attain good high-temperature properties in stainless steel 


and non-ferrous alloys. 


Columbium is added to austenitic chromium-nickel stainless 


steels to prevent intergranular corrosion and improve strength 


at high temperatures. A columbium addition of 10 times the 


carbon content will stabilize stainless steels at temperatures of 


#00 to 1600 deg. F., thus preventing impairment of corrosion 


resistance and physical properties. In the high-temperature 


alloy field, 0.2 to 4.0 per cent columbium will preserve the 


strength of super-alloys during long exposures to temperatures 


up to about 1550 deg. F., or slightly higher. 


ferrocolum- 


ELECTROMET furnishes columbium in two forms: 


bium and ferrotantalum-columbium. Ferrocolumbium contains 


50-60 per cent columbium, while ferrotantalum-columbium 


contains approximately 40 per cent columbium and 20 per 


cent tantalum. Both of these ferro-alloys are available in a 


number of crushed sizes and give a 90 per cent recovery of 


columbium., 


For further information about ELECTROMET columbium 


, Columbium-bearing stainless steels are widely 
alloys, please contact the nearest EL&CTROMET office listed : 


used in chemical equipment where resistance 


below. to corrosion at high temperatures is necessary. 


Electro Metallurgical Company 


A Division of Union Carbide and Carbon Corporation 


10 East 42nd Street New York 17, N.Y 


Electromet 


is « registered trade mart of Union Carbide and Carbon Corporation 


The term ‘‘Electromet 
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National Committee Celebrates 
Bessemer Centennial 


Toneson Braithwaite, 88, of Pittsburgh, receiving a memento as the oldest bessemer steel blower from AIME Bessemer 
Steel Committee Chairman, A. B. Wilder. Left to right are: E. J. Lichy of J&L; D R. Loughery of JAL; Mr. Braith 
waithe; A. B. Wilder of National Tube; L. F. Sattele, assistant general superintendent of the host plant, National 
Tube’s Lorain, Ohio, Works; and R. E. Edwards of J&L 
JPONORING the One Hundredth Anniversary of neer, as the oldest bessemer blower, and “possibly 
the pneumatic converter process, the AIME the oldest steel maker in the world.” He is shown 
Bessemer Steel Committee met on April 25 at the in the photograph on this page receiving a memento 
Lorain, Ohio, Works of National Tube Div. Mem- of the occasion from Committee Chairman Wilder 
bers spent the forenoon observing modern bessemet Pioneer steelmaker Tony Braithwaite, whose life 
operations under the guidance of Bessemer Supt time has practically spanned the steel industry from 
L. T. Sanchez. Off-the-record discussions during its near infancy to its present size, started his career 
the afternoon featured an exchange of information at the Bellaire Iron Co Jellaire, Ohio, in 1883 
by committee members on recent technological de- Three years later, he joined Jones & Laughlin at the 
velopments at their respective plant Pittsburgh Works where he helped build the bottom 
Lunch was served in the plant auditorium, and on the plant's first converter and helped make the 
members were officially welcomed on behalf of Na- first blowout in the relatively new proce These 
tional Tube by Assistant General Supt. L. F. Sattele were the days when bessemer converters lit up the 
Committee Chairman A. B. Wilder, Chief Metal- Pittsburgh skies in so spectacular a fashion that 
lurgist of National Tube, took charge of the busine ‘you could stand on any street corner and read your 
meeting, chief item of which was a proposal to newspaper,” according to contemporary account 
change the name of the group to Pneumatic Con- jorn in Wales, a center of coal mining and steel 
verter Committee in view of the expansion of the making, Mr. Braithwaite came to this country at the 
scope of the process beyond the bounds of the bes- age of 12. He served with Jones & Laughlin con 
semer converter prope! tinuously as a blower from 1886 to 1930, converting 
The meeting marked the culmination of a six- countle thousands of tons of iron into besseme1 
month search for the oldest living bessemer steel teel. He still remembers with great clarity his early 
maker in the U.S teelmaking day “You had to f your way in 
Toneson Braithwaite, 88, of Pittsburgh, a retired making steel in those da he sal I used to ‘read 
employee of Jones & Laughlin Steel Corp. was intro- the heat without any instruments or anything. I did 
duced by D. R. Loughry, J&L staff industrial engi- it without blue glasse 
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One Hundred Years 
of 


Bessemer Steelmaking 


by A. B. Wilder 


We study the past 
Because :t is a guide to the present 

and a promise for the future. 

The struggle for a better world is strengthened 
By the hopes, ambitions, and deeds 

Of those who were before us. 

As we look backward 

Our attention is directed forward. 


NE hundred years ago, the manufacture of steel 


the principle of the pneumatic converter 


process 


from molten pig iron without the use of fuel Several years later in England Henry Bessemer in- 
first began. In the earlier part of the nineteenth dependently conceived a steelmaking process sim- 
century the crucible proce wi ilar to Kelly’s. Bessemer made 
the principal steelmaking meth- public his invention at the an- 
od. It was a costly proce nual meeting of the British 
producing only a few , Association for the Ad- 
pounds of steel at a vancement of Science 


1, most of the fer- 
metal output wa 
in the form of wrought 


time 


Prous 


or pig iron. With the 
perfection of the con- 
verter technique it be- 
came possible to pro 
duce low cost teel by 
the ton, thereby com 
pletely changing the 
tructure, not only of 


the ferrous metal indu 
try, but indu 
trial production in gen 
Thi the turn 
ing point from the Iron 
Age to the Age of Steel 


also of 


eral wa 


William Kelly (Fig 
2), Sir Henry Bessemer 
(Fig. 1), and Joseph G 


held at Cheltenham, 
England, August 1856 
As a result of his paper, 


“On the Manufacture of 
Malleable Iron and Steel 


Without Fuel,” and his 
progressive leadership 
in the years to follow, 


the process became per- 
manently identified with 
the name, Bessemer 
Credit for the 
mercial adaptation of 
the must be 
given additional 
persons. Robert Mushet 
(Fig. 3) in 1856 in Eng- 
land recognized the ne- 
of 


recarburization 


com- 


proces 


deoxidation 


of 


cessity 
and 


Martien experimented the converter product 
with the process before 1856 and evolved the technique for 
William Kelly began in Eddy adding high manganese iron 
ville, Ky., in 1847 and has been following the blow In Sweden 
given credit for first discovering Fig. 1—Sir Henry Bessemer in July 1858, G. F. Goranson 
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produced steel under license from Bessemer, but the 
s of the process was dependent upon Goranson’s 
ign of the converter, increasing the tuyere area 
volume 


succes 
rede: 
and decreasing the air 


Competition With Other Steelmaking Processes 


After the acid bessemer process had been success- 


fully developed, the open hearth and electric furnace 


were introduced. The first acid open hearth 
S. was built in 1868. The basic steel 
S. began in 1884 in a basic- 


processes 
furnace in the U 
making process in the U 


lined bessemer converter at Steelton, Pa., and the 
first basic open hearth steel was produced in the 
U. S. at Homestead, Pa., in 1888. The first electric 
are furnace used for the production of steel was 


patented by Sir William Siemens in 1879 


Fig. 2—Wiilliam Kelly 


little used for 


replacement of iron 


Sefore 


1900 open hearth steel wa 
the production of rails, and the 
rails with well as the 
of the railway network, provided an opportunity for 
the development of the be 


teel rails, a rapid expansion 


emer proce 


In 1887 when 500 tons of bessemer steel welded 
pipe were first produced by the Riverside Iron 
Works, Wheeling, W. Va., a new era developed for 
the bessemer proce The decision by National 
Tube Works Co. to abandon the production of 
wrought iron pipe and build a bessemer steel plant 
in 1890 was the beginning of events which led to the 


production of large quantities of bessemer steel for 
welded pipe. At the same time, seamle pipe wa 
being introduced. Seamk pipe, however, wa 
made from open hearth teel, and contributed to 
ward the development of the open hearth proce 

Only during the past 15 years has seamlk pipe 
been commercially produced from deoxidized be 


emer steel 

During the period 1900-1910 the production of 
open hearth steel surpassed bessemer steel (Fig. 4) 
Part of the reason for this development was due to 
the almost complete change over from the use of 


bessemer to open hearth rail 


A. B. WILDER is Chief Metallurgist, National Tube Div, 
Steel Corp., Pittsburgh, Pa 
York meeting, February 1956 


US 
This paper was presented at the New 


u 


steel] 


uct 


outlet for large quantiti of open hearth steel, 
much of which was destined for the automobile 
During the past 25 years the production of open 
hearth steel in the U. S. (Fig. 4) has out distanced 
the production of bessemer steel for the following 
reasons 
1) The open hearth proce provides a greate! 
utilization of scrap 
1) The nitrogen and phosphorous content of 
open hearth steel is lower 
3) The high capacity of open hearth furnaces 
has been increased still further in recent 


of 


We 


opposite 


it 


on 


iron 
verter 
tilizer 
high cost of 


the 


growth of 
flat 
producing 
industry was principally a producer of heavy prod- 
but 
tinuous hot strip mill 


in 1924 


the automobile 
tee] products had a great 


proce SSCS 


and the 
influence on 
stee!] 


industry 


Prior to 1920 the 


John Tytu 
and this proces 


developed the con 
provided an 


years 

The open hearth process is relatively versa 

tile with respect to raw materials and fuel 

Basic open hearth steel is economically pro 

duced from iron of intermediate phosphorous 

content 

Open hearth steel, because of relatively high 

uniform quality, is widely accepted in speci 

fications and codes 

Carbon may be caught on the way down in 

the open hearth; thus, it is possible to melt 

many different grades of steel within nar 

row chemical limit 
The open hearth requires less iron and coke 


Fig. 3—Robert Mushet 


tern Europe the 
for the ba 
po ition a 
teel (Fig 


the 


5). The 


Continent 
ideally 
The re 


bec 


uited 


ause of 


production facilitie 


a major 
results in high 
ulting slag 


fuel 
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Fig. 4—Steel production according to process in the U. § 


ability of serap in Europe has favored the basic 
converter 

The open hearth and electric furnace process re- 
quire a considerable time to produce a heat, al- 
though with expanded furnace capacity each heat 
consists of a considerable volume of steel. While the 
energy efficiency of the open hearth has been im- 
proved, the Btu requirements remain high and can 
not compete with the converter. It will, however, 
be necessary for converters to follow a pattern of 
increasing capacity. The production of tonnage ox- 
yeen at low cost is largely responsible for the pres- 
ent progress in the production of converter steel, for 
this has not only made it possible to control the ni 
trogen content, but also provided the possibility of 
melting increased quantities of scrap 

The control of industrial fumes has been a prob- 
lem in many areas, and considerable progre ha 
been made in this field during recent year Today 
it appears that fume control methods for most met- 
allurgical processes are feasible; however, the prob- 
lem of fume collection and control in present day 
bottom-blown converter plants is uncertain due to 
the design of plants and the nature of operation, 
particularly when oxygen is employed 

The nitrogen factor has had a fundamental re- 
lationship to the development of the pneumatic con- 
verter proce it was recognized by F. W. Harbord 
and T. Twynam' as early as 1896. Nitrogen is un- 
desirable in many types of steel, particularly where 
toughnme is a factor. It has taken years to evaluate 
the influence of nitrogen in steel, but its behavior is 
now well understood, and methods have been de- 
veloped for controlling the amount and behavior of 
nitrogen in converter steel. The fixation of nitrogen 
with aluminum is well recognized. The control of 
nitrogen by surface blowing with oxygen enriched 
air and oxygen-steam mixtures is now used on a 
commercial basi 

It has been said that the pneumatic converter 
process lacks control due to the fact that it is pos- 
ible to blow a heat of steel in 10 to 15 min. Also, 
in making converter steel it is quite difficult to 
catch carbon on the way down. These problems 
have long been recognized,” but it should be pointed 
out that many grades of steel can be made by the 
converter proce with a high degree of control 
This is particularly true with capped and rimmed 
low carbon steels, but to gain closer control for 
other grades a greater length of time for making 
the blow might be considered. This may be achieved 
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Fig. 5—Steel production according to process in Western 
Europe 


in the surface blown vessel by not only controlling 
the volume of air or oxygen, but also by changing 
the depth of bath. With increased time the bath and 
slag may be adjusted to produce the desired result, 
and the temperature may be determined and con- 
trolled, but it may be necessary to utilize larger 
converter units approaching those of the conven- 
tional open hearth size. Thermal losses in the large 
converters would control the length of blow 

Although duplexing (using bessemer blown metal 
in the open hearth) is widely used, the process has 
certain limitations. When the converter is blown 
very young and silicon is removed, a duplex open 
hearth product low in nitrogen is produced. Blast 
furnace iron may be desiliconized in a ladle with 
oxygen if a converter is not available. When fully 
blown converter metal is used, the duplex open 
hearth product will contain nitrogen which may be 
fixed by aluminum deoxidation. The bath boiling 
technique may also be used to reduce the nitrogen 
content of duplex open hearth steel. Duplex steel 
can always be used for applications in which nitro- 
gen is not objectionable 
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Fig. 6—Early bessemer converter with small tuyere area 
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The Age of Steel 
The steel industry as it exists today had its be- 
ginning in 1856 with the development of the bes- 
semer process for the low conversion of iron 
into steel. The early history of the process is re- 
corded in the patent literature, and a brief summary 
of the more significant claims is presented 


cost 


Henry Bessemer 

Pebruary 1456 

The cor sion of molten iror 
teel of © malleable iron ‘Fig. 6 
for ee 


Lendeon, England; English Patent 356, 
and 8. Patent 16082, Nevember 


or of remelted pig iron into 
without the use of fuel 
) sing to heat the crude molten 
wh cor being effected by forcing into ar 
the parti on a current of 
capable of 
to Keep combustion of the 
ontained the ron until 
Joseph G. Martien, Newark, 
16600, February 24, 1857 
cation or conversion of fluid or molten tron, sub 
olten iron to the action of atmospheric air 
body or 
olving oxygen or other purifying 
to cause the air other 
body to impinge upon, penetrate through 
1 among the metal while it is flowing 
Rebert Mushet. Coeford, England; English Patent 
September 22, 1456, and U. 8. Patent 17580, May %6, 1857 
The addition of a triple compound or material of, or con 
taining, iron, carbon, and manganese to cast tron which has 
been purified and decarburized by the action of air in a 
molten or fluid state, or in any convenient manner, so as to 
ind combined in the process of manufacture 
in order, by the union of the substances, to obtain malleable 
iror ind steel 
William Kelly, Eddyville, Kentucky; U. 8 
June 23, 1857 
Biowing the blasts of air, either hot or cold, up and 
through a mass of liquid iron, the oxygen in the air com 
with the carbor in the iron causing a greatiy in 
creased heat and boiling commotion in the fluid mass and 
decarburizing and refining the iror 


eheatit or nt 


ufficient oxyvger carbon 


conversion is accomplished 
New Jersey t S. Patent 


gaseous chemical agents, 


steam, of 
gaseou 


become mixed 


Patent 17628, 


bining 


Fig. 7—The first bessemer converter 


Sir Henry Besseme! 
ments in the vessel shown in Fig. 7, produced steel 
in this vessel in 1855 and made his first public an- 
nouncement of the Aug. 11, 1856. In 
1858 Besseme! converter at Sheffield, 
England (Fig. 8), which was an improvement over 
previous vessel The spiegeleisen as pro- 
posed by Robert Mushet made it practical to pro- 
duce steel on a commercial basis by 


performed his first experi- 


process on 


erected a 


use of 


the converte! 


1863 
bottom 


process. In Bessemer 
tachable (Fig. 9) 
converters are shown in Figs 


de- 


besseme! 


patented the first 
Other early 
10 and 11 
During the period in England when Sir Henry 
Bessemer was developing his process for steelmak- 
ing, developments were taking place in the U. S 
and on the Continent. Sweden in 1864 produced 
3178 tons of bessemer steel and 4500 tons of crucible 
steel; the French in 1866 were manufacturing bes- 
semer steel in six plants and produced 10,791 ton: 
The Kelly steel 
experimentally 
in 1861 and 


converter shown in Fig. 12 wa 
used by the Cambria Iron Work 
1862, but Kelly had previously con 
structed other converters in Ky. The Kelly Pneu 
matic Process Co. began building a plant in 1862 at 
Wyandotte, Mich. W. F. Durfee, manager of the 
plant, made steel by use of the Kelly and Mushet 
patents in a 2'2-ton converter in Sept. 1864. Thi 
was the first steel made on a commercial basis by 
the pneumatic converter process in U. S 

In 1864 Alexander L. Holley organized the A\l- 
bany and Ren Iron and Steel Co., and under 
the and Mushet patents made steel in a 
2'y-ton converter at Troy, N. Y., in February 1865 
Later two 10-ton converte 
this plant. In 1866 the 


elaet 
Bessemet! 
were constructed at 


two companies at Troy, 


Fig. 8—Bessemer converter plant in 1858 


N. Y., and Wyandotte, Mich., 
the Pneumatic Steel Ass'n. License 
tained by other producers and plants of a larger 
rapidly erected throughout the U.S 
years to follow Thi 
Ke lly and Mushet 
controversy in America regarding the proce 


were consolidated into 
were then ob 
capacity were 
im the 
emer 


consolidation of Be 


interests eliminated the 


The Basic Bessemer Process 


On the 
proble m of 


teel 
many 
ores did not find the be 
factory and set 
to treat 


makers faced with the 
high pho phorou 
emer proce 
trying to modify the proce 
1460 
convertet 
Wedding in 
removal of phosphorus in an 
verter by removing the 


Continent 
treating iron 
entirely sati 
about 
Turner in 
lining 
1865 


con 


these raw material In 


Germany recommended a 


consisting of burned magnesite 


proposed acid 
lag after oxidation of sili 
con, and then oxidizing the phosphorus and remov 
ing the slag. Dephosphorization, however, was pre 
vented by the pre ilica lining, and the 
lag contained no phosphorus. In 1877 Krupp 
Bell in England the first 
olution of the problem. They charged 


revolving 


ence of a 
econd 


in Germany and initiated 


tep toward a 


pig iron into a special furnace and re 
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ag 


moved phosphorus by use of iron and manganese 


a lining and flux 

The next tep wa taken in 1878 by an Engli h- 
Gilchrist Thomas, 
and reported at a meet- 


oxide 
man, Sidney when he manufac- 
tured basic dolomite brick 
ing of the Iron and Steel Institute that he was able 
Late! 
observed that limestone could be satisfac- 


to remove from bessemer steel 
Thoma 
torily used as a flux. In 1879, with a basic lining 
consisting of bricks and a rammed bottom and the 
u of a basic flux, Thoma 
of an after-blow at the completion of decarburiza- 


utilizing the 


phosphoru 


observed the necessity 


tion. The ucce of the basic proce 
iron from high phosphorous ores in Germany wa 
thus a lining, 2) basic flux 
and 3) an after-blow ential dif- 
ference between the design of a basic and an acid 


ured with 1) a bas 
The re Wa no ¢ 


converte! 


~e 


Steel made in a basic converter was later called 
iteel, while the product of the acid con- 
verter was called Bessemer steel. In addition to 
Thomas, there were Percy C. Gilchrist (his cousin) 
and George J. Snelus of England, and Jacob Reese 
of Pittsburgh, Pa., who were interested in the de- 
velopment of the basic proce Reese obtained a 
patent in U.S. in 1866, and in 1872 Snelus discussed 
at a meeting of the Iron and Steel Insti- 


proce de- 


Thomas 


the proce 
tute in London. The basic converte: 
veloped rapidly in Germany due to the availability 
of suitable ores and the use of slag for agricultural 
purposes. In 1884, there were 32 steel works with 
88 basic converters throughout the world with a 
combined vessel capacity of 795 tons; in Germany 


alone there were 41 of these converters 


Surface Blown Foundry Converter 


In 1862 Bessemer patented a side blown tiltable 
converter shown in Fig. 13. The tuyeres were placed 
through the side all around the bottom of the vessel 
In Sweden there were a number of fixed converters 
operated with tuyeres on the side near the bottom 
Later the gradually raised from the 


bottom but maintained below the surface of the 


tuyere were 


molten metal 

In the Waldren converter (Fig. 14), designed in 
1884, there was a distinct departure from the other 
converters with tuyeres all around the circumfer- 
ence, Waldren placed four tuyeres on one side close 
together but slightly inclined from the center to 
provide for rotation of the liquid metal 

In later designs the tuyeres on the sides of the 
converters were gradually raised toward the su 
face. Finally, F. A. Tropenas designed a converter 
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(Fig. 15) with the blast directed upon the surface 
from the side of the converter. In the Tropena 
patent of 1891 two rows of tuyeres are shown. In 
later years the top row of tuyeres was found to be 


unnecessary 
Developments from 1890 to 1940 


Following the development of the surface side 
there were only a limited number! 
steelmaking 
whict 


blown converter 
of fundamental changes in_ be 
during the next 50 years. The improvement 
entially of a mechanical nature 


emet! 


occurred were e 
largely directed toward material handling, although 


many new constructed with a trend 


plants were 
toward larger converters 

There were a number of small side blown con- 
verters of 2-ton capacity in 1900, but these were 


used primarily in the production of steel casting 


Fig. 17—A two-vessel bessemer 
steel converter plant in 1900 
looked like this 


and were not practical where facilities existed for 
open hearth or bessemer steel production. Produc- 
tion facilities for bottom blown bessemer converters 
did not exceed 20 tons in capacity. The eccentric 
and concentric types of converters employed at the 
time of Sir Henry Bessemer’s death in 1898 are 
shown in Fig. 16. Detachable bottoms and equip- 
ment for rotation were used, and the air blast wa 
provided by horizontal double cylinder engine A 
typical bessemer plant in 1900 is shown in Fig. 17 
The U.S. Steel Corp. in 1901, for example, operated 
35 bessemer converters ranging in size from 5 to 17 
tons with a combined capacity of 7.5 million ton 
Several 10-ton bessemer converters are shown in 
Fig. 18 in operation at McKeesport, Pa 
During the period 1910-1930 a number of be 
were built in conjunction with tilting open 


emer steel when 


emet! 


plant 
hearth furnaces. The blown be 
added to the open hearth permitted more open hearth 
steel to be melted and, as a result, increased open 
hearth capacity. The converters were also used for 
the production of bessemer ingot 
were installed, and the air blast was supplied by 
Adequate mixers were pro- 
improved 


Large! ve els 


centrifugal blowers 
vided, and metallurgical practices were 
Converters of 30-ton capacity were operated with 
production rates of 40,000 tons per month. The 
number of tuyeres was increased with the use of 
larger volumes of air. With the 
rates, mass handling of material wa 

During the 1890-1940 period considerable atten- 
tion was directed toward the control of temperature 
during the bessemer blow and the state of oxidation 
at the end of the blow. High temperatures at the 
end of the blow not only increased the oxygen con- 


larger production 
improved 


& 
— 


Fig. 10—Early bessemer converter 


Varying Converter Shapes 
Over the Century 


Fig. 11—Early bessemer converter 


Fig. 9—Detachable bottom, 1863 
with large tuyere area. 


Fig. 32—Side blown foundry con- ’ Fig. 13—Bessemer side blown con 
verter of present day ; verter, 1862. 


Fig. 12—Kelly converter, 186) (R. Earl Penrod). 


Since the earliest designs of Bessemer and 
Kelly, the size and shapes of the pneu 
matic converter has changed to meet the 
varying ideas of steelmakers. The detach 
able bottom was a significant innovation 
.. . large tuyere areas were found neces- 
sary . . . side blowing techniques have 
Fig. 20—Modern European basic been tried repeatedly since the earliest 
converter with monolithic lining days .. . and today opinion still varies on 
what is the best size and shape of con- Fig. 14—Waldren side blown con 
verter profile and the best location and verter, 1884 
design of tuyeres. 


Fig. 19—European 25-ton acid con Fig. 15—Tropenas side blown con 
verter of present day Fig. 16—Eccentric and concentric converters, 1898 verter, 1891 
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alumina slag. Thi yntheti lag 
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been explained by 


ition of the molten iron and 


Special Bessemer Practices 
Iron quality, temperature, handling 
bla 
perature of the blow are important factor 


t furnace lag iopping, lining 


converter practice.” Titanium in 
blowing pressure are reportedly 
Attention has been directed over 
(lining build-up) formation. All 
related to converter design 
operation 

Among the many modification 
making, a proce for producing 
developed in 1940 by Wright 
molten pig iron is used for deoxidation of the 
emer blow, In 1940, R. Perrin’ developed a method 
for dephosphorizing 
into a ladle with a basi oxidizing 
tions of silicon and manganese 
into an acid converter and blown 
proc completely blown metal 
dephosphorizing ladle, with lime, 
flux introduced during pouring. In the manufacture 
wrought iron by the Aston 
acid converter steel is required to be low 
and White and Storey’ deve loped a proce 
molten iron is poured into molten 
remove sulfur. The iron is then 
converter to remove metalloid 
many other method developed 
iron which may be used for 
verter steel 


In the Ugine-Perrin’ proce 


additions of aluminum, ferrosilicon 
to the stream of metal. In order to provide 
at the end of the bessemet 
ary to add ferrosilicon and blow before pour- 


ing into the ladle of lime-alumina slag 
Fume 
The nature of converter fume has been reported 
by several investigator One theory 
tion of iron carbonyl (FeCO) 
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blow, but also its nitrogen content 


which received attention 


separation of 


ron and variation 


teel by pouring it from a height 


production of con- 


developed in 1939, 
ic bessemer steel is poured into a ladle of lime- 


brown 
vaporization of 
in the air. It has also been observed that 
order to reduce fume when oxygen blowing, a cer- 


tain amount of steam is effective. The large volume 
of gas in the converter process, with dilution and 
variations in volume, influences efficient removal of 
brown fumes 

P. J. Leroy and L. Septier have shown that dust 
concentration with oxygen may be 0.0045 lb per 
cu ft and with steam-oxygen 0.0027 lb per cu ft 
They indicate that particles vary from a spheroidal 
shape of about 0.05 » to various proportions of 0.1 
to 5.0 w, with average dimensions of 1 » 

In the oxygen lance process at Linz, Austria, the 
fume consisted of 93 pet Fe,O, and MnO, CaO, and 
510.. The particle size was 5 pet over 1.0 », 45 pet 


0.5 to 1.0 w, and 50 pet under 0.5 », and about 25 
lb of dust were produced per ton of steel. In the 
basic bessemer process with oxygen enriched air, 


50 Ib of dust per ton of steel were produced, and 
the density of the dust is such that 15 cu ft may be 
discharged from a 30-ton heat 

H. Kosmider and coworkers determined the com- 
position of dust during a basic blow. In the first 
period with air blowing, the dust contained 25 pct 
Fe and 5 pet Mn. The second period dust, with 
oxygen enriched blast, contained 50 pet Fe and 2.5 
pet Mn. During dephosphorization with air blowing 
the dust contained about 50 pet Fe and 10 pet Mn, 
and the fumes were brown due to the oxides. Maxi- 
mum temperature calculations at the interface of 
the gas and metal in a gas bubble indicated a tem- 
perature of 4175 F, but when the oxygen content 
was increased to 100 pct, the temperature was 
5525 °F. Temperatures of 3550°F were obtained 
with steam-oxygen mixtures (1:1.2). Particle size 
was difficult to determine due to coagulation, but 
particles 0.5 to 2.0 » were observed. The dust con- 
tent of the waste gases at the beginning of the blow 
were 0.35 g per cu m, and at the end of the blow 
0.90 g per cu m 

The wet washing method is usually employed for 
fume control in top blown oxygen converter plants 
Gases leaving the converter exceed 3000°F and are 
collected in a water cooled hood about the mouth of 
the converter. Dilution with air lowers the tem- 
perature of the gases, and they pass from the hood 
into a spark arrester at a temperature of about 
1500°F. The gases then go through water sprays 
and finally through a disintegrator for final clean- 
ing. At the Linz plant in Austria a waste heat boiler 
is used above the mouth of the converter, and the 
gases then pass into a wet washer 


Converter Blow Control 
For more than 75 years attention has been di- 
rected toward control of the bessemer blow The 


Fig. 18—During the fifty year 
period from 1890 to 1940 there 
were only a limited number of 
fundamental changes in bes 
semer steelmaking, although 
there was a trend toward larger 
converters. The figure shows 
10-ton acid bessemer convert 
ers im operation at McKees 
port, Pa. in 1890 
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Fig. 21—Influence of oxygen enriched air on nitrogen con- 
tent of thomas steel—Graet 


Relative Frequency % 


being used with but the 
most common method of turning down the vessel 
is by visual observation of the flame with colored 
H. K. Work” in 1940 developed a photocell 
end point control which is also being used for turn- 
ing down the vessel 

The radiation pyrometer has been experimentally 
employed by many investigators. Insertion of the 
instrument in the tuyeres or the mouth" of the con- 
verter has been Temperature measurements 
may be checked with a thermocouple in the molten 
steel 


spectroscope 1s success, 


glasses 


used 
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Fig. 22—Variation of nitrogen with time when ore additions 
are made during the blow (HPN process) in Germany— 
Weyel & Kosmider 


P. J. Leroy and coworkers” have recently made 
an extensive study of converter instrumentation 
(see p. 764). Slopping in a basic vessel has been 


a new type of flowmeter for regula- 
tion of wind. A pyrometer in the tuyere box and a 
flame pyrometer have used for temperature 
measurement. For determining the end point, the 
transmission rather than emission characteristics of 
the flame were studied, and the opacity of the flame 
was also measured. These developments have been 


controlled by 


been 


applied to the production of thomas steel on the 
Continent 
Low Nitrogen Steels 
With the increased production of hot and cold 


rolled strip on continuous wide strip mills in Europe 
it has ary to improve the deep-draw- 
ing qualities of thomas steel by reducing the nitrogen 
content. Much attention has been drawn toward 
modification of equipment, as shown in 
Figs. 19 and 20 

The production of converter steel with a 
nitrogen content depends upon a number of factors 
1) low partial pressure of nitrogen, 2) 


become nece 


existing 


low 


including 


minimum contact of the blast and metal, and 3) low 


finishing temperature Application of these prin- 


ciples includes a shallow bath or surface blowing, 
wide nose vessels to reduce back pressure, ore of 
scale instead of scrap for cooling, close control of 
the finishing temperature, and use of oxygen en- 


riched all 
Oxygen enriched air has been used for the com- 


mercial production of converter steel since 1931, and 


Bessemer in 1856 recognized its possibilities. Oxygen 
reduces the nitrogen content of the steel by reduc- 
ing partial pressure of nitrogen in the blast (Fig 
21) and also melts additional scrap. A_ process 


blowing 
with oxygen enriched 


developed by Morri on, 
initially with a 
of particular 
has also been used following the start of the carbon 
flame to melt additional scrap 


The use of ore in the HPN proce 


consisting of 
and finishing 
Oxygen enriched ai 


air, | interest 


; in Germany at 


Duisburg-Hamborn or the use of scale in the LNP 
process at Corby, England, (Figs. 22, 23) and close 
control of the finishing temperature have made it 


possible to reduce nitrogen by 50 pet to a level of 
0.008 pet. This reduction is due to the low partial 


pressure of nitrogen in the gas bubbles resulting 
from action of carbon in the tron with ore or scale 
LNP PROCESS PERIOD OF ADDING ROLL-SCALE 
40 
36 + 
= 
32 =| 
2= CARBON S| 
eg 
SE 
PHOSPHORUS 
> 0.008) 08 
NITROGEN 
2004) a4 
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Fig. 23-—Variation of nitrogen with time when scale additions 


are made during the blow (LNP process) in England—Weyel 
& Kosmider 


Mannesmann Rohrenwerke in Germany produced 
teel in an MA converter. This con- 
blown beneath the surface of the 
metal and provided a contact of short duration be 
tween the blast An oblique blown con 
with a regular converter bottom and with all 

blanked those the 
the metal provided similar results. There have been 


low nitrogen 


verter wa ide 


and metal 
verte! 


tuyere except neat urface of 


many modifications of tuyere arrangement to pro 
vide lower nitrogen steel. The influence of blast 
pressure on nitrogen, shown in Fig. 24, is related 
to the time of contact between blast and metal. Many 
methods have also been developed to reduce the 
nitrogen content of bottom blown converter steel 


permit 


hearth in 


These modifications of the be 
it to approach, but 
respect to nitrogen content of the product 


proce 


not equal, the open 


The Bayer proce is of particular interest 
Blown iron with 1.00 to 2.50 pet C is charged into 
the open hearth to produce steel of deep drawing 
quality with 0.005 pet N. This proce first de 

iliconizing iron in the converter based upon the 


fact that the solubility of nitrogen in iron or steel 
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depends upon carbon content and temperature of 
the bath. Another well established method for de- 
siliconizing molten iron which does not involve a 
converter is ladle treatment with an oxygen lance 


Rotating Converter 
had an important part in the develop- 
steel. Although thomas 
currently being produced, the principal method for 
teel in Sweden is by the electric 
furnace proces In 1948 experimental work began 
in Sweden on a 3-ton rotating converter” blown 
with oxygen (Fig. 25). Rotation increased the rate 
of slag-metal reaction and proved so fruitful that it 


Sweden has 


ment of converter steel is 


producing quality 


4.5 


with Ordinary Aur Bast 

High Pressure Ae Blast 
with in Air Blast 

| 


75 ; ; on 
dus 006 2 
5 

| 

° 70 40 100 AD 


« Blowing Time 
(100% + Carbon End Point) 


Fig. 24—Bath analysis of thomas steel with high pressure 
blast——Mayer & Knuppel 


as 


Fig. 25—The rotating converter opens the way to increased 
rate of slag metal reaction 
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Fig. 26—Influence of slag formation on carbon and phos 


phorus when using pure oxygen in the rotating converter 
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was continued with a 15-ton rotating converter. The 
influence of slag on phosphorus removal is shown in 
Fig. 26. With rotation, less oxygen pressure is re- 
quired and the fume under certain circumstances 
almost completely disappeared. The bath tempera- 
ture was controlled with scrap or iron ore additions 
and lime was used as a flux 

The nitrogen content was 0.001 to 0.003 pct with 
marked sulfur. The 
CO to CO, may be controlled by varying the amount 
made to recover the 

The possibility 
maintaining this 


reduction in combustion of 
of oxygen, but no attempt was 
heat content of the exhaust gase 
of producing a slag lining and 
lining by water cooling the rotating drum was not 
explored. A properly controlled slag lining would 
reduce the refractory problem 


Oxygen-Steam and Carbon Dioxide Converter Blowing 

The nitrogen content of steel may be 
without modifying the principle of bottom blowing 
by enriching the blast with oxygen, adding ore, and 
controlling the temperature with scrap. Other meth- 
ods involve the use of oxygen-steam or oxygen- 
carbon dioxide mixtures 

When blowing with 
endothermic reactions occur, and the additional heat 


reduced 


steam or carbon dioxide, 
requirements are provided by using oxygen instead 
of air. Because of low nitrogen partial pressure low 
nitrogen steel is obtained. The various mixtures of 
gas which have been used do not appear to decrease 
lining life appreciably 

The use of oxygen and steam in bottom blowing 
has been described by J. Daubersy,” P. Coheur, 
and others The use of oxygen with superheated 
steam has received particular attention. Copper lin- 
ing of tuyeres has been successfully used with basic 
bottoms, but it is not necessary with acid bottoms in 
which a refractory tuyere is employed 

The relationship between the iron content of the 
slag and the phosphorus content of the steel, shown 


97 


in Fig. 27 indicates that lower phosphorus is asso- 


ciated with increased oxidizing conditions of the 
slag. The nitrogen content of steel blown with 
oxygen-steam and a lime slag, Fig. 28, shows a 


lowe! result of increased 
concentrations of steam 
A small amount of steel has been produced with 


oxygen-carbon dioxide blowing. One of the blowing 


nitrogen content is the 


mixtures employed is shown in Fig. 29, and analysis 
of the bath throughout the blow is shown in Fig. 30 
The relationship of oxygen in the metal to the iron 
oxide content of slag, Fig. 31, is similar for air and 


oxygen enriched blows. The decomposition of car- 
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Fig. 27—Relationship of iron in slag to phosphorus in thomas 
steel with oxygen steam blowing—Kosmider 


= 
c 
‘ 
\ 
4 


bon dioxide provides additional oxygen for removal 
of carbon from the melt 


Side Blown Steel Converters 

At the beginning of the twentieth century the side 
blown converter was used principally in the foundry 
for the production of cast steel. Ten years ago in 
the U. S. there were 66 foundry converters of the 
type shown in Fig. 32 with a capacity of 1 to 6 tons 

It has been only within the last 15 years that the 
low nitrogen content of side blown converter steel 
has been properly recognized. In side blowing, CO 
is oxidized to CO, inside the vessel with the evolu- 
tion of heat, and this increased heat is generated 
with less danger of over-blowing the bath. A blast 
pressure of 5 psi is used compared with 25 psi for 
bottom blow vessels 

Side blown converter experiments have been con- 
ducted with plastic converters to determine the 
behavior of liquids and flow of gases so that con- 
verters may be properly designed.” Recent experi- 
mental work with the acid side blown converte: 
process in the U. S. has been described by Webste1 
and Clark An experimental converter of 22-ton 


e 


10 12 14 16 18 2.0 
02 :H20 Ratio 
Fig. 28—Nitrogen content of oxygen-steam blown thomas 
steel—Kosmider 


capacity, was designed after work with a 3-ton 
vessel. The results indicate that steel equivalent to 
duplex open hearth practice could be obtained with 
the practice employed. Work and Webster” were 
concerned with blowing air into the bath at the 
beginning of the blow and on the surface of the 
bath near the end of the blow. During the past ten 
years a considerable amount of side blowing was 
also conducted with basic converters in Europe 
An advance in converter practice may be asso- 
ciated with the side blown basic converter proposed 
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* Blow ra me Minutes 


Fig. 29-—-Oxygen-carbon dioxide blowing mixture for thomas 
steel—Mayer & Knuppel 


by C. E. Sims.” Results obtained with a '%-ton basic 
vessel are shown in Fig. 33. The removal of phos- 
phorus with the carbon is of particular interest, as 
basic open hearth pig iron was used for the experi- 
ments and no after blow was required, There was 
also a decrease in sulfur. The CO, content of the 
waste gases indicates an important source of heat 
which was utilized to some degree in the vessel 

As a result of Sims’ work a large basic lined con- 
verter was constructed and placed in operation 
This converter, shown in Fig. 34, is of 10-ton capac- 
ity. The steel produced contained 0.002 to 0.003 pet 
N, and the properties were similar to those of open 
hearth steel 
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Fig. 30—Bath analysis of thomas steel with oxygen-carbon 
dioxide blowing—Mayer & Knuppel 
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Fig. 31—Relationship of oxygen in steel to iron oxide in 


slag is similar for air, oxygen enriched air, and 0,.co 
blows—Mayer & Knuppel 
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Fig. 33—Chemical analysis during a Sims basic converter 
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Fig. 34—Side blown 
10-ton basic con 

verter, the turbo 
hearth 


Oxygen Lance Surface Blown Converter 
ir Henry Bessemer in 1856 recognized the possi- 
bility of using oxygen in the converter process, but 
howeve! 


the cost was prohibitive. In recent year 


the tonnage produc tion of low cost oxygen has made 


possible its widespread use in the steel industry 
rhe purity of oxygen used for surface blowing steel 

usually 98 pet, but for low nitrogen steels it may 
99.5 pet, with argon as the principal 
influence of oxygen purity on the 
nitrogen content of steel is shown in Fig. 37 

At Linz, Austria,” the installation of a hot wide- 
trip mill and cold reducing mill created the need 
for low nitrogen deep-drawing steel. Open hearth 
and pig iron produced 


be a high “a 
impurity. The 


crap was in short supply 
at this plant was not of converter quality. In 1949, 
upon the suggestion of R. Durrer, an attempt was 
made by EF. Sue H. Trenkler, H. Hauttmann, and 
others to blow oxygen downward on the bath of a 
2-ton converter. Later a 15-ton vessel was used 
The proce was successful, and in November 1952 
a plant with 250,000 tons annual capacity was in 
operation. Compared with an open hearth, the in- 
vestment and labor in Austria were 50 pet less. The 
were also le A number 
ued in England and othe 
been called the L-D 


refractory and flux cost 
of patent have been | 
countries, and the proce ha 
proc 

During the past several years the Linz plant ha 
produced over one million tons of steel with two 
of the type shown 
being installed 


{0-ton oxygen lance converte! 
in Fig. 35. A third converter is 
The Donawitz plant in Austria, placed in operation 
in May 1953, has a similar capacity. At the Dominion 


Foundri & Steel plant in Hamilton, Ontario, 
43 


naw 


Fig. 35-—Oxygen lance converter, L-D process 
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Canada, two 45-ton oxygen lance converters are in 
operation with an annual capacity of 320,000 tons 
of ingots. The McLouth Steel Corp., Trenton, Mich., 
has in operation three 50-ton oxygen lance con- 
verters. The iron analysis of typical blows is shown 
in Table I. It should be noted that the phosphorus 
content of the iron is low, for with higher levels of 
phosphorus a greater slag volume would be required 
with a reduced scrap charge. The steel produced 
from the iron in Table I is similar to open hearth 
stee! 

Stages in the oxygen lance converter process’ are 
hown in Fig. 36. The beginning, middle, and end 
of a blow are illustrated from left to right. A tem- 
perature of 4500°F may be obtained under the lance, 
and refining is concentrated in this area—the re- 
action area. However, the rotating motion of the 
bath caused by thermal diffusion, and the higher 
pecific gravity of the refined metal, Fig. 35, causes 
the reaction of oxygen with the metalloids through- 
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S 
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Fig. 36—Beginning, middle, and end of blow in oxygen lance 
converter (left to right) 


out the bath. The CO gas developed at the reaction 
area also promotes a rotating motion in the bath 
As the metal is refined, the rotating action of the 
bath decreases, for the hottest part of the refined 
melt, which is under the oxygen jet, has the lowest 
pecific gravity 

The oxygen lance converter 
molten pig iron, 125 lb of lime or small size lime- 
tone per ton of ingot, a small amount of spar and 
cale, and 15 to 20 pet scrap. The converter lining, 
consists of tar-dolomite brick with 250 to 300 heats 
obtained per lining. Dolomite consumption is 25 Ib 
per ton of ingots.” About 2000 cu ft of oxygen per 
ton of ingot is consumed during the 20-minute 
blowing time. The slag shown in Table II contains 
only a small amount of phosphorus and, therefore, 
about 300 |b of slag are 


charge consists of 


has no value as a fertilizer; 
produced per ton of ingot 
The oxygen lance converter process is used pri- 
marily for the production of low carbon steels, al- 
though medium and high carbon steels have been 
produced with the addition of molten iron or carbon 
in various forms to the blown metal. It is reported 
that the cost of low carbon steel produced with an 
oxygen lance is less than open hearth steel with 
and the quality of oxygen steel is 
However, ome 


similar yields 
equivalent to open hearth steel 
factors which control the most effective use of the 
oxygen lance remain to be determined. Production 
of steel with 0.5 pet residual Mn, as shown in Fig 
38, desulfurization of the bath, and production of 
low phosphorus steel, as depicted in Fig. 39, are 
results which have been achieved and should be 
considered in future efforts directed toward the 
more effective use of the oxygen lance 
the size of the oxygen lance converter and catching 
carbon on the way down for the higher carbon 
grades are considerations which remain to be devel- 
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-10 : Fig. 38—C-Mn-P removal in oxygen lance converter—Trenkler 
Percent Nitrogen in Steel 


Fig. 37—Influence of nitrogen in oxygen lance blast on 70 i I 


nitrogen content of steel—Trenkler Phosphorus 
Sulphur 


60 


Refining action may also be obtained in an open 
hearth” with an oxygen lance as determined by 
A. J. Kesterton in Wales. A saving in heat time 
was achieved with satisfactory roof life and reduc- 
tion in fettling time, using a water cooled oxygen 
lance through the roof. In Russia” an open hearth ts 
being experimentally blown with oxygen through 
the roof 


athe 


Frequency ~ Percent 


5 


Summary 
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During the one hundred years since development 
of the pneumatic process, steel has provided a low 
cost material for the continuing industrial revolu- Percent Phosphorus 
tion. The first part of the present century provided 
few fundamental changes in steelmaking, but recent 
development of low cost tonnage oxygen made pos- 
sible the use of the oxygen lance. Surface blowing References 
with air and other gases and bottom blowing with 


Fig. 39-—P and S distribution in the oxygen lance converter 
process—Trenkler 


oxygen-steam have also been new approache its 
The present large capacity for open hearth steel 

in the U. S. and the U. K. will provide a basis for 

the widely continued use of this process, particularly Iblemns. JOURN 

with variation of raw materials and in conjunction nha 

with oxygen lance techniques. In continental Europe 

production of low nitrogen steel requires different 

methods, and the new blowing techniques for the 

basic converter have been a commercial success with 

high phosphorus iron 
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Table |. Analysis of Hot Metal For Oxygen 
Lance Converter 


Donawitz Dotasco McLouth* 


2.390.446 


ement o ssermer Steel 
‘ 413% 


703,429 


704,427 


Table Il. Analysis” of Oxygen Lance Converter Slags 


Ling Donawitz Dotasco McLouth 
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by P. Coheur and H. Kosmider 


production by the basic 

pneumatic proce William Kelly 
and Henry Bessemer, consists essentially of blowing 
gaseou 


iron. This blast refining formula 


HE principle of steel 
deve loped by 


fluid containing oxygen into liquid pig 
unlike hearth re 
fining, does not require the use of any outside fuel 
The required heat is liberated by the exothermi 
between the oxygen of the blast and the 
In its conventional 


reaction 
elements present in the pig iron 
form, the entially of blowing at 
mospheric au bath from the 
bottom of an acid lined converter. Thi 
ultable for ilieon iron of low 


proce consists ¢ 
through the metallic 


proce 


conversion of high 


phosphorus content Sut it is not possible to elim- 
inate phosphorus from the molten charge with an 
acid lining, whatever the refining proce pneu- 
matic, open hearth, or electric 

In the blast furnace, the phosphorus in the ore i 
largely reduced and enters the tron: therefore, the 
acid processes can be used only in regions where 
low phosphorus iron ore deposits are found, which 
is the case in certain American mine It is to be 


content in steel produced 


noted that the phosphoru 
from these ores by an acid proce whether in a 
converter or on a hearth neverthele usually be 
tween 0.05 and 0.1 pet 

iron obtained from ores rich in phos- 
phoru Gilchrist 


pate nted in 1876 a proce 


To refine 


Sidney Thomas conceived and 


based on Bessemer's but 


using a converter with a basic lining of dolomite, 


intered and agglomerated with tar. He also pro- 


P COHEUR is Professor of Metallurgy at the University of Liege 
in Belgium and Director of the National Center of Metallurgical 
Research (CNRM) H. KOSMIDER is Director of Research at 
Klockner Huttenwerke Haspe AG in Germany This paper wos 


presented at the New York meeting, February 1956 


On the Basic Pneumatic Processes 


of Steelmaking 


posed to introduce a basic flux such as burnt lime, 


to combine with the silica and phosphoru 
formed by oxidation. Besides its direct action in the 
proce this basic phosphate slag has the advantage 
of being a valuable fertilizer, the sale of which is an 
factor in the overall economy of the 


pe ntoxide 


important 
proce 
Another point is that with a basi 
blast of atmospheric air, the element 
tion liberates heat must be present in the pig iron 
within a fairly narrow range of concentration. Thi 
ize of the converter decrease 
liquid pig 


lining and a 


whose oxida- 


range narrows as the 
and as the amount of sensible heat in the 
iron falls 

The basic called thomas in 
Europe and basic bessemer in the U. S., enables the 
utilization of the large deposits of phosphorus-rich 
ores in Lorraine and Sweden. These ores yield a pig 
the required analysis, which is the 
had led to the great 
continental 


converter proce 


iron of exactly 
reason why the thoma 
steel 


proce 
development of production in 


Europe 


The Basic Bessemer Process in Its Present 
State of Development 

Like hearth refining, the conventional basic bes- 
advantages and drawback 
peed and the sim- 
plicity of the ibility of pro- 
teel with a very low carbon content. On the 
ide, the nitrogen and phosphorus contents of 
omewhat higher than normal 
(Table 1). But this is only the 
content of the iron 


process has its 
ide, there is the 
operation, and the po 


On the credit 


ducing 
debit 
bessemer steels are 
open hearth steels 
result of the higher phosphoru 
and not the result of the proce 
There is not doubt whatever that the steel pro- 
duced by the conventional basic bessemer process is 


Table | 


Pets 


Hastc 


Open Hearth 410 010 


Pig Iron and Steel Compositions for the Basic Bessemer (Thomas) and Open Hearth Processes 


Pet Ma 


Steel 
(Ladle Analysis) 
rear Pet 


Pet Pet N 


0 0090 
0.0120 


0 50 0 0040 
0 0060 
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* Belgian and Luxembourg steel plant 
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excellent for general structural steels, reinforcing 
concrete rods, screw stock, magnetic sheet (trans- 
former sheet) and wire for certain application. It 
even has properties which are specially valuable for 
such application as rails, plates, and spring wire 
Thus, for numerous applications, there is no major 
advantage in modifying the steels obtained in the 
converter by the conventional method. However, 
for some applications requiring a high degree of 
ductility at room temperature, such as for cold roll- 
ing, drawing, etc., the usual rimmed basic bessemer 
teel is handicapped by its nitrogen and phosphorus 
content. This is why new manufacturing processes 
have been developed over the last half-century 


Table Il. Mean Nitrogen, Phosphorus, and Sulfur Content of 
Converter Steels 


Pet N Pe P Pets 


Process Mean s* Mean Mean 


0 007 


0.007 
0 005 
000 


6 004 0020 0006 0020 0005 


Bottom Blowing 

3y carefully controlling the tandard proce 
teels with relatively low average phosphorus and 
nitrogen contents are currently produced. For ex- 
ample, in the Belgian-Luxembourg plants, the fig- 
ures are: 0.007 to 0.012 pet N and 0.04 to 0.05 pet P 

Fig. 1 illustrates the standard frequency curve for 
nitrogen. This curve was drawn from more than 
35,000 blows with atmospheric air. The mean value 
is 0.0095 pct and the standard deviation is around 
0.0012 pet. To reduce the nitrogen content of steel 
further, without basically modifying the principle 
of bottom blowing, special methods must be utilized 
They are at present used on an industrial scale with 
great succe and are likely to give a new impulse 
to the development of blast refining methods in the 


$/min ) 


ton 
° 


metric 


Fig. 2—Relation between the 35} 
speed of conversion and the 9 
oxygen content of the blast in , 
converters ranging in capacity S ap} 
trom 15 to 55 tons * 

% 


fields where it 


content, namely 


requiring a high ductility 

Modified basic converter processes consist essen- 
tially of reducing the partial pressure of nitrogen 
and the quantity of this element blown while main- 


1S 


taining the tempe 


low side. They 
gen content of i 
sure in the ga 
relationship wa 


luted with a ga 


what Eldred’ proposed 50 years ago 
The blast can also be enriched in oxygen, and the 


resulting increa 


by supplementary additions of scrap, ore, or lime- 
the air blast can be cut off and re- 


tone. Finally, 


placed with a mixture of oxygen and a gas free of 


nitrogen 


30 


are based on the fact that the nitro 


blown through the metal This 
discovered by J. H. Andrew in 1911 
and put into mathematical formulas by C. B. Sawyer 
in 1923 It indicates that the blast should be di- 


necessary to reduce the nitrogen 
the flat products for applications 


rature of the metallic bath on the 


teel is related to its partial pres 


free of nitrogen, which, in fact, ts 


in bath temperature neutralized 


> 

10+ 


Fig. |—Frequency curve for the nitrogen content of steels 
blown with atmospheric air 
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Supplementary Oxygen consumption 


Concerning the rate of refining, Fig. 2 shows the 
linear relation between the rate of conversion ex- 
pressed in tons of converted iron per min, and the 
oxygen enrichment of the blast. For example, with 
a 30-ton converter, the rate of refining with atmos- 
pheric air is on the order of 2 tons per min, and with 
an oxygen enrichment of 30 pct it is on the order of 
2.8 tons. Such an increase of the rate raises by 20 
pet the production of converter 

Concerning the quantity of scrap charged in the 
converter, Fig. 3 indicates an increase of scrap con- 
umed in terms of ‘the supplementary consumption 
of oxygen per ton. The quantity of scrap may be 
varied from zero to 20 pct of the pig iron, or even to 
25 pet with high capacity converters when using 
oxygen enriched air 

Concerning the thermogenic power of pig iron, 
Table III shows the thermal equivalents of 0.1 pct P, 
Si, Mn, and C when the blast is atmospheric air, o1 
air enriched to 30 to 40 pet O,. This table is based on 
the work of Senfter, Schnurch, and Guthmann, 
assuming that the amount of lime is twice that re- 
quired by the chemical reactions. The converters 
hold from 15 to 20 metric tons, and the temperature 
of the pig iron is 1250°C (2282°F) and the steel 
1625°C (2957°F) 


Fig 3-—Relation between oxygen enrichment of air blow and 
scrap consumption in a basic (thomas) converter 


Belgium, 


Variou 


Luxembourg, 
methods of 
hown by 


Applied industrially in 
and Germany ome of these 
blowing have given the analytical result 
Table Il It will be een that they 
nitrogen content of steel to be substantially reduced 


Note particularly the results with oxygen enriched 


enable the 


blast with additions of ore and limestone, and also 
latte: 
eld teel with lower nitrogen contents than cur 

when blowing 


the OV (oxygen plu team proce ). The 


Furthermore, 
team, the brown fume problem 


rent open hearth steel 
with oxygen plu 
disappeat avoiding the necessity of gas-cleaning 
equipment 

Whatever the blast used, the phosphoru 
of the steel can be reduced by making a second slag 
in the converter, With such a double lay 
teel containing about 0.02 pet P and 0.02 pet S can 


be produced. Thu it is possible to produce con- 


content 


proc 


verter steels having the nitrogen phosphorus, and 


ulfur, very close to, and even lower than open 
hearth steel 
From the point of view of economiu the use of 


oxygen in the blast permits an increase in the rate 
of refining and hence the output per converter al 
lows greater quantities of scrap to be charged, and 


enable type of pig iron to be handled which are 
difficult to blow 


with conventional method 


Table 11. Thermogenic Power of Major Elements in Pig tron 
When Blown with Air and Oxygen Enriched Air 


Heat Produced 


ret Oo Keal per Serap. Kg lime, Kg 
ot Pet in Blow Metric Ton per Ton per Ton 
21 1682 
Phosphoru 2427 
2849 " 
21 1815 60 
Silicor 0 2:04 76 
2601 8.5 
21 979 2 
Manganese 40 1196 7 
40 
2! 985 2 
rbot 1710 ‘ 
2158 


Table II permits a comparison between the heat- 


producing capacities of typical basic bessemer and 


open hearth pig irons whose composition is given in 
Table I. For simplicity, median values are con- 
idered, and on the basis of experience it Is as- 
umed that one ton of basic converter pig iron hav- 
ing the given analysis can consume 4.5 pct scrap 
and requires 135 kg of lime when blown with au 
On the basis of the data given in Table III, open 
hearth pig iron has a theoretical heat-producing 
capacity sufficient for blowing with atmospheric air 
Table IV shows that 100 kg of lime per ton would be 
required. In order to obtain the same final tempera- 
ture as when operating with basic bessemer pig iron, 


Vig tron Composition 


Pett ret ret s 


Table IV. Operating Data for Bottom Blown Basic Bessemer and Open Hearth Grades of Pig Iron 


ret Ma 


Serap Added. Kg per Ton 


Lime, Ke 


Pet SI per Ton Pet O wPret pet O 


0.40 135 45 200 290 
100 100 180 
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Fig. 4—Relation between the quontity of scrap used and the 
O.:H.O ratio for three levels of silicon im iron containing 


0.3 pet P 


35 kg of scrap per ton required. With 
riched to 30 pet O., the quantity of scrap rist 
pet, and with air containing 40 pet O the 


Note that an open hearth 


crap 
quirements are 27 pet 
iron with less phosphorus and 
principle, be converted without thermal difficulty 

These 
experimentally at three plants. The first was In 1939 
by Eichholz fehrendt, and Kootz at the Th 
Works at Hamborn, Germany Using an air blast 
these specialists refined without difficulty 6000 ton 
of pig iron of the analy hown in Table I\ 

There the experiments carried out in 1954 
by the authors and those in collaboration with Neu 
haus and Weyel at the Klockner Hittenwerk Haspe 
in Germany.” The ygen enriched 
blast and a standard open hearth tron The amount 
of scrap added to cool the charge wa than 
had been calculated, partly becau the tempe 
definitely lower than assumed in 
ponds to the 


steel 


ileon can also 


theoretical reflections have been confirmed 


were 


authors used an ox 


lower! 
rature 
of the pig iron wa 
the calculation 

obtained in the 


which in fact, corre 
temperature Liege 
work 

Finally there 
1954 at Oberhausen, Germany, again with a 
gen enriched bla 
throughout 


finall 


ed out in 


tand 


were the experiment 


iron and ox t 


ard open hearth pig 
This enrichment wi it kept constar 
the blow, but 
ung 35 
The chemical an: 
remarkable. At Oberhausen the 
ing the bath with ore obtained a 


reased progre 


ilysi ) he resulting tee! | 


teelmakers by cool 
tee] containing an 
average of 0.0062 pct N, 0.023 pet P, and 0.019 pet S 

authors in collaboration with 
Wevel with the oxygen plu team mixture con 
verted pig irons of the 40 to 4.5 
pet C, 0.8 to 1.2 pet Mn, 0.17 to } $6 to 0.97 
pet Si, and 0.03 to 0.04 pet 5 TI 


on about 20 blows of 22 ton 


Recently one ot the 


analy 


following 


concentration 


order of 45 pet, and its consumption was 75 cum pet 
ton. The charged was 7.2 pet, and 
the scrap consumed was some 3.4 pet 

The curves in Fig. 4 show the quantity of scrap 
used according to the ratio O,:H,O. These curves 
ilicon in pig iron and a phos- 
The size of the con- 
time of conver- 
iron vield was about 87.2 pct, 
obtained without a double 
chemical an- 


quantity of lime 


refer to three levels of 


concentration of 0.3 pet 


phoru 
verter was 25 metric ton and the 
ion was 74% min. The 
and the resulting steel 
lay, had a temperature of 3000 F. It 
alysis was 0.046 pet C, 0.25 Mn, 0.019 pet P, 0.016 pet 
S, and 9.0035 pet N 

It is the authors’ opinion that all of these results 
are extremely important, for they can be applied in 
extending blast refining to 
not originally 


two direction first by 
open hearth pig irons, for whi hit wa 
intended. Second by modifying the conditions for 
the production of pig iron in the blast furnace, it Is 
if necessary, pig irons of smaller 
than under 
heat 


point in 


sossible to produce, 


chemical heat producing capacity nor- 


From the balance 


mal operating condition 
there 


basic converte! lag 


would be no returning 
to the blast furnace in order to 


concentration in the iron 


viewpoint 


pho phor u 


increase the 


Top Blowing 


The principle of blowing with enriched air ot! 
team is not new, for it was foreseen by 
himself in his patents practically 100 
It is interesting to point out that Bes 
had ideas not only about the 

ast. but also about the way to inject it, for he con 
ceived the possibility of from the top of 


well a bottom. Fig. 5 


ygen plu 


emetl 


nature of the 
blowing 


through the 
patent 


the converter a 


taken from one of hi 


Fig. 5—Top blowing 
as proposed by Bes 


semer 


tudied in recent yea! 
remarkable re 


used only on low 


variation ha been 
Austria, and has given 
present the proce 
e the slag ome extent, 
we and with high pho 
ifficult to detect the end of re 
ults and the operation are some 
a blast of 99 pet 


meaning Linzer 


proce Using 
the L-D proce 
hould be noted that blowing by 
lightly longer than with bot 
quantity of scrap which must 
order of 2 25 pet, and it | 

keep down may not be an 


depending on tance 
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Table V. Comparison of Chemical of Analysis of Steels Produced by Various Converter Techniques 


Pig tron Composition 


Processes 


Steel Ladle Analysis 


Pets 


Instead of top-blowing in a stationary converter 
Kalling” ha 
verter or furnace (See Fig. 25, p. 750). This ensure 
better contact between the slag and the metal and 

handle high phosphorus iron. The 

not been developed beyond the 
tage, but the result eem promising, for Kalling 
teel of anal imilar to that from 


(Table V) 


proposed the use of a rotating con 


proce 


experimental 


ha obtained a 
the OV or L-D process 


Side Blowing 
A third possible way of blowing also proposed by 
Bessemer” is side blowing (see Fig. 13, p. 747). The 
method its used in certain small acid converters in 
teel foundrie (Tropena ) It ha 
tudied in the case of basic linings at the Manne 


proce been 


Fig 6 Injection of an oxidizing gas mixture into a hearth 
furnace as proposed by Bessemer 


mann Rohrenwerke in Germany (MA process), but 

as far as is known the proce has not been fur- 

ther used because the life of the 

trongly attacked, and the tron 
reduced 


tuyere is very 
hort, the lining | 
yield of the proce i 
Another form of this method of blowing is pro 
vided by experiments carried out in the U. S. with 
a converter called the Turbo-Hearth (see Fig. 34, 
p. 752). These experiments’ are being continued 
cale, with a basic converter of 10 ton 
that the results are encouraging, 


on a large 
capacity, It appear 
for a steel is obtained, from open hearth iron, that 1 
near the composition obtained by the OV, L-D, or 
Kalling processes. This is not surprising, because in 
the three cases, the tron is blast refined by the basic 
conversion principle of injecting an oxygenated ga 
into liquid pig iron, (Table V) 
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Blowing into a Hearth Furnace 
emer-open hearth) 


Jessemer did not re- 


The bessemer-martin§ (be 
proce l 
trict himself to a 
but also considered refining in a hearth fur- 


furnace 


mentioned because | 
tudy of iron refining in a con- 
verter 
nace, and in particular in reverbratory 
This is shown by Fig. 6 and Fig. 7, which are taken 
from his patent of Dec. 7, 1855 Thi 
been adopted in recent year following the develop- 


propo al ha 


ment of production techniques for low cost, tonnage 
oxygen. Actually such processes involving the in- 
jection of oxygen into open hearth furnace ought 


to be named after their inventor, Bessemer 


Bottom Blowing with Additional Oxygen Lancing 
Bottom blowing presents the special advantage of 
ensuring, during the whole operation, a vigorou 

and consequently, a narrow 
lag and the metallic bath; the 


most atistactory and 


tirring of the charge 
contact between the 
iron yield of the operation | 
the rate of conversion is high. However, only a lm- 
ited amount of scrap may be consumed 
The quantity of scrap melted in the bottom-blown 
proce depends on the temperature, the analysis of 
the hot metal, and especially on the temperature and 
nature of the blast 

During the oxidiation process, the waste gases 
have a high calorific value, for they contain from 30 
to 40 pet CO when blowing with air; 50 to 60 pet CO 
with 35 pet O, in the blast, and 90 pet CO H. when 
blowing with the oxygen-steam mixture 
proposed the burning of the waste gase 


have proposed and industrially 


Jansen 
with air. The author 
investigated the combustion with oxygen in order 
to modify the heat balance and consume more scrap 
Theoretically, every cu m of oxygen combines with 
carbon monoxide or hydrogen and 6000 
igned to the metallic bath and 


upplhies 
calories which, if a 
used to heat the gases 100°C 
about 14 kg of scrap to be smelted 

Practically, the authors have found that every cu 
m of oxygen enabled the consumption of from 10 to 
12 kg of injected into 17-ton 
converters at a rate of 20 cu m per min 

In these experiments, the blast pressure wa 
chosen so that the oxygen did not come in contact 
with the metallic bath and only burned the carbon 
monoxide or hydrogen of the ga The author in- 
creased by 70 kg per ton of iron the quantity of 


higher, would enable 


crap, when oxygen | 


scrap consumed 

Furthermore, oxygen blown by the lance does not 
come into contact with the liquid metal and conse- 
quently it does not produce brown fume 


| Pete rear Pets Pet Mn Pet Si Pear Pet N 
Line* 02 080 100 0 022 0 O2t 0.0040 
LDonawitz 40 0 2 0.70 0 050 0.025 0 0020 
Ka ret 1 0 060 0.70 0.30 0.035 0.025 0 0020 
0 025 0.020 0.0030 
Turbe heartht ** 40 0 40 0 1 05 110 0010 022 0.0025 
i7 1 #0 0 060 080 040 0 020 0 020 0 0022 
Open Heart! 025 0 040 1 7 100 0015 0.025 0 0040 
* tine Ve Application il. D. Oryoen Refining Proces 1954, p 19 Austria. Voest 
Cuscoleca Journat or Merai 1954 6. p. 817 
ne Ne el ‘ elle de Mine 1953, p. 620 
ic F or Me i 195 2. p 604 
Db K v Jovurnat ov Mevat ‘ 4. p 462 
eae 
< 
} ‘pr? 
| 
| 
os 
ot, 
‘J 
; | 
4 | 


Mechanical Properties a) Those in charge of the separate divisions of a 
teel plant can regulate the relative quantities of 


The question now a , s to whether the steel 
and ore consume d and conve rted into 


made by one or anothe! ‘se pneumatic processes pig iron, scrap 
has mechanical properties comparable with those of tee] 


open hearth steel. To answer this question many ex- b) Those in charge of the teel plant as a whole 


periment have been made in Europe and Amer- can elect the most atistactory burden for blast 


ica and were the object of numerous publica furnace 
tion c) Finally, iron normally sent to open hearth 
According to American, Austrian, German, French, furnaces can be refined in converters 

and Swedish steelmakers, the properties of steel All these results are likely to give a new impulse 
produced with the new pneumatic processes are to the development of the basi pneumatic process 
equal to, if not better than, those of open hearth In fact, they already have done so, if consideration i 
teel Thu according to Sims and Troy steel] taken of the new steel plants which have recently 
obtained with the Turbo-Hearth at the South Chi been built or are under construction throughout the 
cago Work of U. S. Steel Corp. have tandard world 


mechanical propertie with bending elastic proper 
References 


I 


ti aging characteristi« and transition tempera- 
ture imili to those of open hearth steels of the 
same composition 

Hauttmann who ha pecially tudied the 
question ha hown that the steels | roduced at Linz 
by top blowing have the tandard mechanical 
properts olid ductility, and toughne In addi 
tion. the steels exhibited a resistance to corrosion In 
general and to intergranula! rosion in part 
ular, resistance to aging, and a fatigue strength a 
well as welding properties that are similar, if not 
uperior, to those of open hearth steels of the same 

ition 

‘uscoleca” has examined the properti 
tee! produced at Donawitz, Austria, and has come 
to the same conclusion as Hauttmann. He empha 
ized that the new steels are le usceptible to ma 
brittle fracture than open hearth steels, have better — 
welding characteristic 

In Belgium, Luxembourg, and Germany many 
tests have also been undertaken to check the due 
tility and weldability of the steel. It was found that 
for chemical analyses which are equal or close, basi 


converte! teel 1 good as open hearth steel ry p 644 


There thus appeal! to be ufficient experimental 
evidence to show that steel produced by these two 
differing proce pneumatic and conventional 
open hearth—are mechanically similar 


Fig. 7—Bessemer’s proposal for the injection of an oxidizing 
gos mixture into an alternate design of hearth furnace 


Conclusions 
For European countrie which have to base thei . 952 73 
teelmaking on high phosphorus ore large quanti | D. Orwe 
ties of basic bessemer steel have been produced and < ae d une n, 1950 
used for many yea! — 
Extensive application in many field uch a 
bridge rail railroad cal and structural con 
truction. has been made and is made every day with 
the most s1 ificant succe 
With these process whether bottom, top, 0! 
ide blown—the authors have shown that it Is now 
reach the special field of application re 
high ductility at room temperature 
teel produced is at least as good as open hearth 
tee! 
From an economic point of view, the new method 
of blowing permit a better gearing of steel plant to 


market and raw material condition 
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Based on an article 


The L-D Process In Austria 


in Progrés Réalisés en 1955 dans la Sidérurgie, published in English and French by 


the United Nations, Economic Commission for Europe, Geneva, Switzerland, Feb by 


ruory, 1956 


B. Matuschka 


The Economic Commission for Europe (ECE) is one of three 
regional economic commissions organized by the United Na 
tions. It has as participating members, in addition to the 
U. S., most of the countries of eastern and western Europe 
One of the sub-bodies of ECE is the Steel Committee which 
meets periodically to consider production and consumption 
problems As a part of its activity, an annual review on 
European technological developments is published 

In order to keep AIME members informed on the latest 
trends in the European steel industry, the JOURNAL OF 
METALS is publishing in June and July excerpts from sev 
eral articles in Progrés Réalisés en 1955 dans la Sidérurgie 
(Advances in Steel Technology in 1955) 


HE process for the production of steel with the 

use of an oxygen lance in a converter-like ves- 
se] was developed in Austria in 1951 at the plants of 
the Vereinigten Osterreichischen Eisen- und Stahl- 
werke (VOEST) at Linz and the 
Alpine-Montangesellschaft at Donawitz. It has be- 
come known as the Linzer Diisen Verfahren, or L-D 
, and has shown a considerable development 


Osterreichische 


proce 
during the last few years. This is evident from Table 
I, which shows production of 
in Austria. During the year 1955 the quan- 
tity of steel produced by the L-D process 
to the entire Austrian steel production in 1937, and 
today the Austrian industry, which previously had 


teel according to the 
proce 


was equal 


used only open hearth and electric furnace steel, 
employ teel from the L-D process with results 
identical to open hearth grade 

Austrian producers claim that the quality of L-D 
teel is actually superior to other grades, for by 
using 98 to 99 pet O,, L-D steel averages between 
0.0015 and 0.0025 pet N 
other hand, according to Bading, vary between 0.004 
and 0.007 pet N, while be 
using a straight air blow contain from 0.010 to 0.20 
pet N recent improvements in the pneu 
matic converter process have permitted the reduc- 
tion of nitrogen content of converter steels to lower 
But the quality of steel is dependent also on 


Open hearth grades, on the 


emer and thomas steel 


However 


levels 
the oxygen content and the state of the contained 
oxygen. In the L-D process the oxygen reacts directly 
with iron, carbon, and other elements so as to mini 
mize over-oxidation of the bath 

According to Richard, the figures for the tem- 
perature increase due to the oxidation of the various 
elements in the refining of Austrian pig iron either 
with air or pure oxygen are as shown on Table II 

Low phosphorus Austrian pig iron, in spite of its 
high manganese, is not treated satisfactorily by ai: 


blowing in a converter, for the temperature rise of 
is insufficient, since the fusion point of pure 


311°C 


B. MATUSCHKA is Technical Director of Schoeller.Bleckmann 
Stahiwerke A. G. in Austria 
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Table |. Austrian Steel Production by Process, 195! to 1955 


Electric Total 
L-D Process Open-Hearth Furnace Steel 
in 

iow 

Metric Pet Metric Pet Metric Pet Metric 

Year Tons Total Tons Total Tens Total Tons 
1951 1.3 | 800 779 226 1.027 
1952 6.0 06 811 77.4 239 22 1 056 
1953 $332 26 750 9 201 15 1.283 
1954 49 225 1.653 
1955 657 t7 856 47 295 16 1.824 


that of the Fe-C eutectic by 400°C 
howeve! 


iron surpasses 
For European thomas pig iron there } 
ufficient phosphorus to raise the temperature of 
the converter bath above this 400° minimum with 
air blowing, and Table HI shows the increase in tem- 
perature attributable to each element when al 
blowing thomas pig iron 

Tables II and III show that in the air blowing of 
either Austrian pig iron or European thomas pig 
iron only 4 to 8 pet of the increase of temperature 

due to the combustion of the carbon. But with the 
L-D the oxidation of carbon is responsible for at least 
20 pet of the temperature rise. And if it is assumed 
that the concentration of oxygen causes a major por- 
tion of the carbon to be oxidized to CO, rather than 
to CO, then the elevation of the temperature due to 
the carbon alone represents as much as 30 pct of the 
total temperature rise in the L-D process 

In Table II it can be seen that the combustion of 
carbon plays a predominant role in the temperature 
difference between the air blowing and the L-D 
techniques. Of the 184° difference, the combustion 
of carbon accounts for 76° or 40 pet. If the carbon 1 
burned to CO, in the L-D process then there will be 
an additional increase in temperature of about 50 
to 545°C: so, carbon could be responsible for more 
than half of the difference in the operating tempera- 
tures between the two techniques 


Table ||. Temperature Increase in the Conversion of Austrian 
Pig Iron 
Combustion in Air Combustion in 0 
Temperature Temperature 
Increase Increase 
in in 
oC per Total per Total 
Pet Temper Pet Temper- 
Reduced Ele ature Fle ature 
ment Increase ment Increase 
Element From Pet ToPet Oxidized in Oxidized in 


‘ 4 01 " 24 25 100 
Ss 07 0 190 13333 235 161 
Mr 22 o4 + He 65 122 
P 0.13 0.03 120 12 175 18 
Fe 2 pet oxidized 28 6 47 wa 


$11 495 


| 
—— 


The question is whether this increase in the ac- 
tivity of the carbon in the L-D technique produces 
tangible operating results. Extensive experiments 
made by the Max-Planck-Institut in Dusseldorf, 
Germany, have given evidence to a fact well known 
to metallurgists, namely that such factors as a delay 
in boiling and surface tension play an important role 
in the course of decarburization, particularly at the 
beginning. The activity of carbon, A’, must be as 
great as possible for these effects to be overcome 
and for the combustion to commence early and con- 
tinue uniformly to equilibrium. Toward the end of 
decarburization, the deoxidation observed by Hautt- 
mann starts from the point of contact of the oxygen, 
and this reverse reaction tends to prevent over- 
oxidation 

With respect to the activity of the carbon, A’, 
Chipman has established the following relationship 


pCO 


Equilibrium constant, K 


with the effect of temperature upon this constant as 
follows 
2.065 
log K’ + 1.643 


Under these conditions the activity of the carbon 
increases as the temperature increases. It can be 
deduced, according to H. Schenck in Germany, that 
the speed of decarburization is given by the relation- 
ship 

d ~C 
K (FeO) -(2C) — K,-pCO 


This indicates that the rate of reaction should be 
slow at the end of the process in order that the 
quantity of FeO in the bath may be minimized 
The curves in Fig. 1 show the rate of reaction in 


Table lil. Temperature Increase in the Air-Conversion of European 
Thomas Pig Iron 


Temperature 


Increase 
in Total 
Keduced per Pet Temperature 
Klement Increase 
Element From Pet To Pet Oxidized in 


( 20.4 

Ss 0 0 190 95.0 

Mr: 10 04 27.0 

P 22 00% 120 204 0 

Fe 2 pet xidized 24 ti) 


the thomas and the L-D processes during the course 
of decarburization. The rate of reaction in the 
thomas process is low initially, increasing to a max- 
imum at the end of decarburization, resulting in a 
high oxygen content of the bath. The rate of re- 
action of the L-D process is more rapid during the 
early phases, reaching a maximum after 12 to 14 
min, and thereafter decreasing to a low value. Thi 
has the effect of minimizing the oxygen content of 
the bath 

According to Chipman, the elevation of the work- 
ing temperature Causes an increase in the coefficient 
of activation of carbon and supresses a decrease in 
boiling, which results in an increase in the speed of 
refining without increasing the FeO content of the 
bath. This intensification of the refining also | 


accompanied by excellent degassing and by a strong 
elimination of slag inclusions, which explains the 
low degree of segregation of L-D ingots 

As already noted, the combustion of carbon in 
pure oxygen results in an elevation of the tempera- 
ture early in the process. The increase of heat neces- 
sitates a cooling through the addition of from 20 to 
30 pet scrap. However, the cooling does not pro- 
duce its full effect until the temperature is suffi 
ciently raised, that is, at the time when the refining 
action has become intense 

It has been demonstrated on an industrial scale 
that it is neither necessary nor desirable to maintain 
such elevated temperatures until the end of refining 
It is essential only to attain them rapidly to cause 
a decarburization and dephosphorization as early as 
possible. Thus, the lining of the vessel is not sub 
jected to abnormal working conditions. The length 
of the refining is not less than that of the acid or 


basic bessemer process 


6 


2 + 
T 
1 
| 
| 
20 40 60 80 100% 


Fig. |—The rate of decarburization in the thomas converter 
(curve T) increases to the end of the reaction, while in the 
L-D oxygen lance process (curve L-D) it reaches a maximum 
after 12 to 14 min and then decreases 


If it is necessary to obtain heats with a particular 
composition, the temperature at the end of the heat 
j ufficiently high so that additions of carbon or 
alloying elements can be made before casting. How- 
ever, it is generally not necessary to add ferro- 
manganese to deoxidize the heat 

A combination of the L-D proce with the open 
hearth as a duplex operation is unnecessary because 
of the high quality of the steel obtainable by the 
L-D proce and such an operation results only in 
an increase of production cost 

The improvement in the converting of iron, re- 
ulting from the rapid activation of carbon, and 
from the early combustion of the carbon and the 
phosphorus, constitutes a characteristic peculiar to 
the L-D proce 


The thomas proce as recently improved by en- 
riching the blow with oxygen and using special 
fluxes, or by using oxygen and carbon dioxide o1 
oxygen and steam mixture does not present the 


ame favorable metallurgical conditions and lacks 
the characteristics that have been described for the 
L-D oxygen lance proce 
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Second and Third Oxygen 
Converter Plants in U. S. 
Under Construction 


Following the successful operation of three 50-ton oxygen lance con- 
verters at McLouth Steel Corp. at Trenton, Mich., an oxygen converter 
plant of 300,000 ton capacity is being constructed at Jones & Laughlin Steel 


Corp.'s Aliquippa, Pa. plant and is expected to be in operation early in 1957 
Kaiser Engineers, the U.S. Licensor of the process, is also installing two 65- 
ton oxygen converters at Kaiser Steel Corp.’s Fontana, Calif. plant. Con- 
struction will get underway at once, and the plant is scheduled for operation 


in 1958, raising the production of finished steel products by some half mil- 


lion tons 


L-D PROCESS 


MATERIAL 
t sorrerh Produces: low carbon steel of 


low N and O content. Slag in- 
clusions are few, and segrega- 
AIR POLLUTION tion is less. 

CONTROL HOOD 


FOR CHARGING’. 
LIMESTONE, 
SCALE, ETC 


Requires: low phosphorus pig 
| MOT METAL CRANE iron and some 25 pct scrap in 
charge. 


REFINING CHARGING 


POSITION HOT METAL 
ADLE 
Advantages: bessemer produc 
af tion speed resulting in open 
VESSEL a : 4 hearth quality steel; moderate 
GHaRging FLOOR capital costs and low operating 
costs. 
| 
TAPPING 
\ 
POSITION 


Disadvantages: speed of opera- 
tion prevents catching carbon 
on way down; hence, without re 
/ carburization produces only low 


carbon steel. Process makes 
heavy volume of fumes 


OXYGEN STEEL MAKING UNIT 
HAISER STEEL FOMTANA PLANT 
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T is a recognized fact that the be 
has been diminishing in importance in the U. S 


emer proces 


and there was every reason to believe that this de- 
cline would continue. However, two recent Euro- 
pean developments in the pneumati have 
altered this picture. The aim of both of these is to 
keep the nitrogen content of the resulting 
(0.004 pet N). These 


low nitrogen values are achieved by using oxygen 
rather than air, and the primary difference between 


proce 


teel at or 


lower than open hearth value 


the two techniques is the manner in which the oxy- 
gen is introduced into the metal bath 

In the L-D (Austrian, oxygen lance) process, the 
ealed off, and oxygen is introduced to the 


metal by means of a vertically 


bottom | 
uspended, wate! 
cooled lance. At the oxygen-metal reaction zone the 
temperature exceeds 4000°F, and the nitrogen pick- 
up is rapid; therefore, oxygen 99.5 pct pure must be 
used to maintain a low nitrogen in the bath. Fur- 
thermore, this high reaction temperature volatilize 
ome iron and manganese (30 Ib per ton of ingot), 
and the fumes are extremely voluminous. In order 


to avoid excessive air pollution expensive gas clean- 
ing equipment Is necessary 

In the OV proce a conventional type converte! 
is used, blowing with a mixture of oxygen and 
team. A higher oxygen concentration in the blast 
allows a greater scrap consumption; however, thi 
must be balanced against a higher refractory con- 
umption. Generally, a mixture of equal parts of 
oxygen and steam, having the same thermogenic 


power as air, achieves optimum results. In basic- 


lined converters, the steam must be superheated to 


prevent condensation in the tuyeres which greatly 
reduces refractory life. Condensation does not ap- 
pear to affect the acid bottom life. Since the temper- 
ature at the point of contact between the molten 
metal and the oxygen-steam blast is about the same 


as for an air biow, there is no additional fume for- 
mation. Furthermore, there is no slopping; the flame 
! harp; and the end point is more definite than 
At the temperature of gas-liquid 


absorbed than in the L-D 


with ordinary alr 


contact, le nitrogen | 


proce o, the oxygen does not have to be as pure 
In addition, a part of the steam dissociates so that 
about 15 pet le oxygen is required than in the top 
blowing method 


Normally, in Europe the L-D method is used on 
pig irons approaching the American pig iron analy 
is, while the basic OV technique is used to refine 


pig irons with 1.5 pct to 1.8 pet phosphoru te 
cently, Kosmider’ has shown that the basic OV proc- 
‘ can also be used on American type pig iron 
without the so-called after-blow 

Fig. 1 gives the operating cycle for both processe 


when using 45-ton converters. The L-D process use 
ap, while the OV proce 


about 5 pet scrap. From the figure it 


without an 


afterblow use 


JE. STUKEL its with the Youngstown Sheet & Tube Co, Youngs 
town, Ohio 


Future Trends of the Pneumatic Process 


by J. E. Stukel 


can be seen that, the major factor allowing the 
greater production rates in the OV process ts the 
horter time of the blow. This is due, in the main, 
to the greater rate of delivery of the blast 

In order to get effective phosphoru removal, the 
lime ilica ratio of 3:1 should be used for both proc 
esse According to Kosmider, the OV process give 
the ame degree of dephosphorization as the L-D 
method, but this is open to question since all the 
burnt lime may not be in solution by the end of the 
blow, and in the OV proce there is le 
dilute the phosphorus. In any event, neither proce 
will consistently produce a steel containing less than 
ingle slag, when being charged 


crap to 


0.01 pet P, using a 
with a 0.300 pet P pig iron 


J 
Fig. |—Operating cycle for the L-D and OV pneumatic 
processes 


In both processe the blow is continued until the 
flame drop Thu only low carbon steel 
(0.03-0.04 pet C) 


iccessfully carried out 


are made 
Some recarburization has been 
in the ladle at Dofasco 
where rimmed and killed grades up to 0.2 pet C are 
made. In Europe recarburization to 0.6 pet C is ae 

ible to 


o that the blow can be stopped at 


complished by adding pig iron. It may be po 
meter the oxygen 
the desired carbon level, provided phosphorus dos 
not cause trouble. This may be easier to do in the 
L-D proce than the OV proce 

In conclusion, it can be said that plant location 
and local conditions will determine which of these 
pneumatic methods can be used to best advantage 
It must be borne in mind that both of these tech 
niques are relatively new and further research may 
make them even more effective to produce quality 


tee] at a low cost 


H K jer, Newt nd A. Weye Verbiaser Stahl 


JUNE 1956, JOURNAL OF METALS—763 


I 
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‘he 
a 
¥ 
eisen mit suerstoffangereicherter Wind in bodenblasenden Kon er tS 
erter Stahl und Eisen 1954, vol 74, p 1473 we 


ply produced in the basic bessemer converter 

called in Europe 
constitutes some 62 pet of French steel production 
This is why the Institut de Recherches de la 
Siderurgie francaise (IRSID) since it 
in 1947 has placed improvement of basic be 
quality and conversion yield foremost in its research 


or thomas converter as it i 


organization 
program, Some of the instruments developed for 
blowing control are now standard equipment in 
teel plant others are till im the 
tage; and all may also be used with acid converter 

For 70 year 
at hi 
The manometer 


development 


the blower had only two instrument 
disposal: a manometer and a chronometer 
ure, and 
Other 
could rely only on such 


howed him the wind pre 
the chronometer indicated the blowing time 
than these, the 
empirical 


blowet! 


igns as flame appearance, slopping at the 


converter nose, slag appearance on converter tilting, 
effervescing level of the 


test-bar fracture, and the occurrence of ladle-skull 


ample, appearance of the 


While it was never contemplated doing without theses 
empirical signs, it was desirable to put at the steel- 
man's disposal a number of data that might be used 
either by the blower for controlling the operation 
or by the engineer for research purposes. To show 
the importance of such controls a steel plant pro- 


ducing 600,000 short tons per year will be considered 


Ist Example: Minimizing Slopping 
Assuming that through blowing control it is po 

sible to gain 12 lb of metal per ton of steel by slop 
ping reduction, the saving on a yearly basis would 
be 3600 short ton This gain of 12 lb per ton | 
conservative, since even greater savings have been 
teel plant 
been carried out by means of 


achieved in several French Basic re 


search on slopping has 
an entirely new type flowmeter, called the volume 
debitgraphe 

If air consumption per ton of iron is too high, 
excess air is heated 
averaging 1300°C on its way through the metal 
bath. This heat taken from the metal could be used 
to melt additional scrap. A reduction in air con- 


uselessly to a temperature 


sumption also makes it possible to effect economie 
in the 


hortening the blowing time. Part of the remedy is to 


blowing machine operation, a well a 


increase the iron charge, but the volume-debitgraphe 
ean also be useful in eliminating exce air con 


sumption 


2nd Example: Thermal Control 
Assuming that the end temperature averages 30°F 
higher than the minimum temperature necessary to 


prevent the formation of ladle skulls, this extra 


P LEROY is with IRSID, the French Institute for Iron and Steel 
Research at Saint Germain.en-Laye, France. This paper was pre 


sented at the AIME February 1956 meeting in New York 
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New Control Instruments for Bessemer 


Steelmaking 


by P. Leroy 


heat would have melted 25 Ib of additional 


crap 


hort tons annually. This could be 


ingle additional ton of iron from 


per ton, or 7500 
done without a 
tne blast furnace 

A number of advantages resulting from a good 
temperature adjustment should be taken into ac- 
count; these include 

a) The iron lost to the slag is reduced when the 
temperature is low. A difference of 30°F results in 
a variation of about 1 pct in the iron content of 
thomas slag or 5 lb per ton, which makes 1500 tons 
annually or about a day’ 

b) When exce 
consumption of deoxidizing 
lower. A difference of 30°F on rimming steel re- 
ults in a variation of about ‘4% |b per ton in the con- 


production 
ive temperatures are avoided, the 


ferromanganese 1s 


umption of 75 pet Fe-Mn 
c) Producing low phosphoru teel is easier in 
the case of melts conducted at an intermediate or 
low temperature 

d) Steel with a low nitrogen content 1 
when the whole thermal cycle of the metal during 
the blow is itself lowe! 


For thermal control of the converter some steel 


obtained 


plants use the immersion pyrometer, which gives 
an accurate measure of temperature after the con- 
been tilted. Unfortunately, it is then too 
late to correct the heat. Moreover, the final tem- 
perature is not sufficient to give any indication of 
tne thermal evolution during the blow 

These considerations have led IRSID to conceive 
and develop recording pyrometers which draw a 
Two kinds of in- 
truments have been constructed, although so far 
they exist only a 
pyrometer aimed at the metal bath through one of 
the tuyeres in the converter bottom. The other is 
flame 


verter ha 


temperature curve for the blow 


prototype One is a two-color 


a flame pyrometer’ aimed at the converter 
near the nose and recording, not the brightnes 
temperature of the flame, but its true temperature, 
its emission factor having been taken into account 
Such instruments should make it po 
the thermal evolution of the charge before the end 


of the blow 


ible to correct 


The Volume-Debitgraphe 
This instrument is a special type of flowmetet 
used for recording and measuring two basic data 
first the air-flow automatically expressed in Normal 
Temperature and Pressure, and second the atr- 
volume blown since the beginning of the operation, 
which is, rather than time, the true variable charac- 
terizing the evolution of the refining 
The measurement of air-flow is effected by a 
transmitting linear flowmeter, connected with an 
orifice meter located in the wind pipe. This flow- 
meter is equipped with an automatic pressure com- 
pensating device which is calibrated once and for all 


q seen seen 

| 


an temperature of the wind 
trip of the 


-curve. It is driven by an integ! 


receiving apparatus records 


ating de vice 


peed is proportional to the instantaneou 
As a result, the unrolled paper length 
proportional to the quantity of wind 

nee the beginning of the operation. A digit 


r, controlled by the strip pay-off ystem, 


directly the total air volume forced through 


the converter since the beginning of the blow 


This equipment is complemented with a pressure 

The imultaneous interpretation of the 

ure curves indicates the permeability 

the variation in the resistance of the 

bath t 1e wind flow 
Another ty 


veloped for 


volume-debitgraphe has been 
use of oxygen enriched alr or 
ygen plus ste: In this case the true variable 1 
the total quantity of oxygen introduced into the 
bath since the beginning of the blow. The volume 
debitgraphe may then be used as a device for pro- 


portional control 


Fig. |—Air flow curves for iron, 0.3 to 07 pct Si, in basic 
converters with new and worn linings 


In conjunction with the thomas converte: lop 
important problem during the first 
period. The 
made it possible to carry through an 
affecting slopping. The 


ping Wa an 
half of the decarburizing volume- 
debitgraphe 
investigation of the factor 
main conclusions were the following 

a) Slopping decreases or disappears when the 
tatic depth of the bath 1 Generally, the 
inside diameter of the new lining should be 
enou tatic depth of the bath to be not 
more thi 2 _ but in French converters, the statu 
depth was usually between 2-ft, 4-in. and 3-ft 
during the first half of the decarbut 
welling of the charge 


reduced 


large 


b) Sloppin 
ng period seems due to a 
ilsifying a silicated primary slag wit! 
in the metal. It is very gradu 
the lime 
nder some conditions the tuyer get part 
iding to a decrease in permeability 
carried out with a constant air blow 
-debitgraphe recording of the corre 
ponding hed that during 
the first half of the decarburizing period, a pre 
4 psi is required to kee; 
probably due 
the silicated 
at that time 


rburization (nev 


value. This i 


anomaly ma occ 


e which 


This corresponds to the formation of 
frozen metal on the nose of a certain 
and thi 


ation. This anomaly may lead to 


number of tuyere topper only melts du 
ing the dephosphort 

rolongation of the blowing time amounting to 2 

Such are the results afforded by the volume- 
debitgraphe as a1 “arch instrument, but it is also 
a control instrument thi ‘ be used on a routine 
basi 

For a converter of given shape and size, it Is po 
ible to work out experimentally, using the volume 
a pencil of air flow curve imilar to 


debitgraphe 
1. Each curve represents the air flow 


those of Fis 
above which slopping may be expected for a given 


ilicon content and degree of lining wear. The 
iheon content 


follows the 


blowe! 


of the iron and the state of the lining 


knowing approximately the 


curve for these condition 


In practice when the ilicon 1 omewhat on the 
high side, the blower 


an air flow lower than the maximum limit of the 


venerally prefers beginning at 
blowing machine, so as to have a reserve of power to 
cope with a sudden blowability decrease at the be 
ginning of the decarburization. Thus, he begins the 
blow at about 15,000 cu ft per min for a 20-ton con 
verter, following curve A of Fig. 1 

So, in the daily routine work, the volume-debit- 
graphe makes it possible to blow ea h charge within 
the hortest time po ible, avoid lopping, and thu 
increase the efliqency of the converting operation 

fut this is not the only practical interest of the 
instrument 
possible to make a limestone or ore addition at a 


For example, this instrument makes it 


precise moment of the blow when a definite volume 
of air has been blown. This is far more accurate than 
relying on the time factor. Additional advantage 

may be credited to this instrument when blowing 


with oxygen enriched au 


Two-Color Pyrometer 
The two-color pyrometer is aimed at the metal 
bath through a tuyere in the converter bottom, It 
receives the light energies emitted in two narrow 
bands of medium waves and records the bath tem 
perature, T, by the following basic formula which | 


based on the laws of Stefan and Wien 


Fig. 2—-Sectional view of the two color pyrometer mounting 


on the converter—ret 5 
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where tA, is the current produced by a photoelectric 
cell behind a filter having a wave length of A,, ia, i 
the current produced by a photoelectric cell behind a 
filler having a wave length of a,, A is a constant, B 
is a constant, and T is the temperature in “K 
The advantage of using the ratio of the light en- 


emitted on two wave lengths is that the meas- 


erpie 
urement is not disturbed by factor reducing o1 
increasing these two energie in the same ratio 


Such is the case for variations of the solid aiming 


angle caused by wear of the converter bottom or 
partial clogging of the tuyere 

The instrument comprise 
ing the wind-box, the mounting 
of which can be seen in Fig. 2; this feeler has only 


one active part: an electron-multiplying cell, in 


1) a feeler cro 


front of which rotates a dise bearing monochromatic 
filters with A, and A, wave length 


2) an electronic device which from currents ia 


and iA, makes it possible to obtain a current, I pro- 
tA 
portional to Log hence proportional to 
tA 


4) a recording device, with a temperature scale; 
4) an oxygen and nitrogen feed device for the 
aiming tuyere, whose object will be described here- 
after 
The operation of thi 
tests has never given rise to any difficulty, but in 


thoma did arise. Here 


instrument in laboratory 


teelmaking certain problem 
ure two example 

a) When ordinary air is 
tuyere, the elongations of the 
higher than with tuyeres of 
cause the combustion of tron impuriti 
rapid, thus creating a local 
recorded by the instrument 
been blown into the 
From then on, the 
of the two 


blown in the aiming 
recording device are 
maller diameter, be- 
at the nose 
of this tuyere is more 
overheating which 1 
To alleviate thi 
tuyere instead of ai 


nitrogen ha 
aiming 
avreement between the final elongation 
pyrometer, expressed in temperature of the 
calibrating black body, and the 
effected with an immersion pyrometer, after tilting 
the relation- 


‘ olor 
measurement 


of the converter, were satisfactory, Le 


hip was almost linea 
b) During the blow 
it frequently happens that the 


with 


and especially at the end of 
the decarburization 
more or le 
When nitrogen i 
clogging | till more fre 


aiming tuyere become 


metal on blown into 


lag deposit 
tuyere, thi 
blowing pure oxygen into the aiming 


econd It i 


the aiming 
quent, but by 


cleared in a few often nec- 


tuvere itt 
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Fig. 3—Temperature 
curve of a thomas con 
verter as recorded by the 
two-color pyrometer 


essary to repeat this operation several times to en- 
sure a thorough cleaning 

Fig. 3 shows the temperature curve of a thoma 
converter charge as recorded by a two-color pyro- 
meter. The following features can be 
light temperature decrease during the first half- 
minute of the blow, due to the heat absorbed by the 
lime and scrap; b) a heavy temperature rise up to 
4 min blow, corresponding to the desiliconizing 
period; c) a slower temperature rise during the de- 


een a) a 


carburizing period; and d) an accentuated rise dur- 
ing the last 3 min, corresponding to the dephosphor- 
izing period. The small breaks on the curve corres- 
pond to partial clogging of the 
quickly eliminated by a short oxygen blow. It 
times happens that these breaks are much more 
of a hindrance than shown in Fig. 3 

Prototypes of two-color pyrometers already have 
made it possible to make the following interesting 
a) a charge with exce lime and very 


aiming tuyere, 


observation 
little scrap shows 
tantly higher than that of a normal charge com 
pleted at the same temperature; b) of two charge 
ended at the same temperature, the one with the 
lowest thermal cycle produces steel with the lowest 
nitrogen content 

The field of investigation which is opened up by 
large, and investigations are 


a temperature curve which is con- 


this new instrument 1 
being actively continued at IRSID.' 


(alibrated tun yster 


Pyrometer strig amp | Pyrometer 
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faa 
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Fig. 4—Schematic diagram of a flame pyrometer installation 


Flame Pyrometer 
Another technique used to gather information on 
the thermal behavior of the bath is by deducting it 
from the temperature curve of the flame Sut the 
brightness temperature of a flame depends both on 
its true temperature and on its emissivity, and it 1 


| | | 
| i 
a> | P 
| 
| 
en 
4 o | | | 
| 
| | | 
po 


FLAME TEMPERATURE, °C 


6 immersion= |58O°C 


605 


Flame 
temperature 


Bath tempercture 
two-colour pyrometer 


Fig. 5—Comparison of temperature curves recorded by the 
flame and the two-color pyrometers for the same melt 


neccessary to obtain a temperature curve which 1 
independent of its emissivity. With this aim in view, 
IRSID developed an entirely new device, based on 
the old method of Kurlbaum, but making it auto- 
matic and turning it into a zero setting method 

A light source is located on one side of the flame 
(Fig. 4), and a first sighting tube equipped with a 
photo-cell, called a measuring pyrometer, is aimed 
at thi ource through the flame. It receives a light 
energy which is the sum of the energy emitted by 
the flame, and the energy emitted by the source and 
transmitted by the flame, taking into account the 
absorption of the flame 

A second pyrometer, called the opposition pyro 
meter, located behind the light source and aimed 
directly at it, receives the energy emitted by the 
ource alone 

The light source an adjustable reference lam, 
of the tungsten strip type. For a flame of a given 


temperature, there exists only one value of the light 


ource for which the response of the two pyro 
meters are identical. The theory holds that this re 
ponse constitutes a measure of the true temperature 
of the flame 

The difficult is to follow the variations of the 
flame temperature, but this has been overcome | 
ecting the circuits of both pyromete! n Oppo 


flame tem 


perature vari the equilibrium is broken. The zero 
etting apparatus controls a servo-motor which, 
acting on the feed current of the light source, cause 
its brightne temperature to vary in the direction 
required to restore equilibrium 

The response of one of the two pyrometet i 
transmitted directly to a recording instrument, and 
after calibration, it records the curve of the true 
temperature of the flame 

The flame pyrometer can be used for measuring the 
temperature of any flame under two condition 
first, the emission factor must be greater than 0.3 
which is the case for the majority of industrial 
flame and second, the flame temperature must be 
approximately homogeneou 

Temperature measurements of the metal bath 
made by an immersion pyrometer at the end of the 
blow how that the end temperature measured by 
the flame near the nose, is always lower than that 
of the bath by about 144°F. This discrepancy may 
vary slightly from plant to plant, but it remains al 
most constant in a given plant, thereby making it 
possible to forecast the final temperature of the bath 

During the decarburization, the interpretation i 
difficult owing to combustion of carbon ‘monoxide 
at the converter nose. In order that this may not be 
too much of a hindrance, it is necessary that the 
optical axis of the pyrometer be adjusted near the 
converter nose 

Fig. 5 shows the bath temperature curve obtained 
with the two-color pyrometer and the flame temper 
ature curve of the same melt supplied by the flame 
pyrometer. It is evident that the two curves are 
approximately parallel, except during the last two 
minutes of the decarburizing period when carbon 
monoxide is burned at the converter novos 

While the flame temperature is only an indirect 
means of ascertaining the bath temperature, the 
flame pyrometer is simple and easily installed on a 


converter battery 


nf 
A. 
| 
Fig. 6—Schematic diagram of an opacimeter installation 
The Opacimeter 
In the case of the thomas converter, it is necessary 


that the end point be determined with great «a 


curacy. If it is too early, the phosphorus content of 
the metal is too high, and if it 1s too late, the risk | 
an iron lo mn the lav and ove oxida 
tion of the metal. Th impli a pret on in the 
‘ iluation of the end point of the blov Up lo nov 
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tion on a zero setting instrument. If the EZ - the blower estimated the tilting time from the pre he 


ceding melts, relying on the one hand on the time 
passed since the beginning of the dephosphorization 
and on the other hand, and mainly, on the appear- 
ance of the flame. But this evaluation was subjec- 
tive, and additional data could be upplied by the 
air counter of the volume-debitgraphe But to be 
able to tilt the converter at the correct phosphoru 
level from the readings of the volume-debitgraphe 
the weight of the charge must be known, and neither 
the iron composition nor the thermal conditions of 
the charge must have changed. These last two con- 
ditions are very difficult to meet in production work 

In the case of the acid bessemer converter, the 
end of the operation coincides with the end of the 
decarburizing period and is very clearly marked by 
a drop in the flame brightne Thus, the blower 
can easily stop the blowing operation by surveying 
the flame. Neverthele about 15 years ago, H. K 
Work’ proposed and applied an interesting method 
to determine the end-point of the blow. This con- 
isted of aiming a photoelectric cell at the converter 
flame, thereby recording a brightne temperature 
By the end of the decarburizing phase, the recorded 
teep drop, broken by a small 
an end-point 


curve showed a rather 
tep or kink, which could be used a 
ignal for the acid blow 


Fig. 7—Opacity curves for hot and cold bessemer melts 


This method, applied to the basic converter, gives 
By the end of the dephosphorizing 
converter flame 
after having increased from the start of 
this period, stabilizes at a certain value. To obtain 
a definite phosphorus content in the steel, it 1 
ary that this flat part of the curve be longe: 
higher 


different result 
period, the brightne of thoma 


teadily 


nece 
where the final temperature of the melt 1 
This close dependence upon temperature deprives 
the method of any accuracy 

The idea to survey the transmission rather than 


the emission characteristics of the flame occurred 
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to IRSID engineer As in the case of the acid con- 
verter, in the last moment of blowing, the flame of 
the thomas converter contains in ispension an 
ever increasing quantity of minute particles of iron 
oxides, usually called red fume 
alter the opacity of the flame 
Experi nee ha hown that the opacity curve 
after having gone up from the middle of the de- 
through a 


ignal to stop the 


which considerably 


phosphorizing period, go« maximum 


which often constitutes a good 


blow. In other cases, this point is somewhat early, 
and it is better to wait until the flame opacity 
decrease lightly and become table These two 


curve are not too greatly 
Sut the final shape 


marks on the opacity 
affected by temperature change 
of the curve does give qualitative 
the thermal condition of the charge. Generally, the 
hump of the curve is harp for a cold 
charge and broad and open for a hot charge Fig. 7 
hows typical opacity curves for hot and cold melt 
To use the transmission principle, a light 
temperature is constant and 


information on 


narrow and 


ource, 
brightne 
placed behind the converter flame. The 
of a photo- 


whose 
known, 1 
transmitted light is measured by mean 
electric cell aimed at this light source through the 
converter flame. The opacimeter comprises the fol 
lowing parts (Fig. 6): a) at the converter nose 
level, a light source of constant brightness, and a 
ighting tube equipped with a photo-cell aimed at 
through the flame, and b) a recording 
controlled by the amplified 


the source 
device whose pen Its 
photo-cell current. 
The opacimeter is 
equipment of 17 basic be 
Europe 


now a part of the production 


eme! teel plant in 


Conclusions 


In the development of these instruments the pur- 
pose of IRSID was a double one: 


upply the steel industry with efficient re- 
tudy of the thoma 


a) To 
tools 


process; 


earch for fundamental 


b) To provide a closer control of the blowing and 
thermal conditions in the daily production work in 
order to increase production and reduce cost 


The future will tell to what extent IRSID ha 


ucceeded 
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Herbert ] French (Member 1934 
dent of the International Nickel Co. Inc 
tant vice president of the International Nickel 
Co. of Canada Ltd., and AIME Howe Memorial 
Lecturer for 1956, died in Rochester, Minn. on 
Aug. 17, 1955, after a long illness 

Before his death, Mr. French had laid the 


foundation of research on which the Howe Me 


vice pres! 


morial Lecture (p 770 Was based His associ 
ates at Inco, O. O. Miller and J. W. Sands, were 
able to complete the project present the lecture, 
and prepare it for publication, following Mr. 
French's general outline 

Born in New York on May 27, 1893, he gradu 
ated from the School of Mines, Columbia Uni 
versity with a degree in metallurgical enginees 
ing in 1915S. Mi 


neering experrence with the American Smelting 


French gained his early engi 


serving as a chemist and as 
Utah 


He later returned east and became a met 


and Refining Co 
sayer at the companys Murray installa 
tions 
allurgical engineer for the General Vehicle Co 
Long Island City, N. Y., a subsidiary of the Gen 
eral Electric Co. In 1917 Mi 
pointed civilian inspector of materials for the 


U.S. Army Signal ¢ orps and continued this work 


hi Was ap 


when it was later absorbed into the Bureau of 
Aircraft) Production 
pointed district inspector in Philadelphia for the 
Pittsburgh Metallurgical) — office 
later transferring to Pittsburgh 

After World War | Mr 
assistant phy sicist on the metallurgical staff, U.S 
Bureau of Standards, Washington, D. C 


he was successively 


Subsequently he was ap 
Ordnance 
French became an 


During 
his vears with the Bureau 
associate physicist, metallurgist, senior metallur 
vist, and assistant chief, division of metallurgy 

In 1929 Mr 
Nickel as a metallurgist at the company s Bay 


onne, N. | 


French joined International 


Transferring to 


research laboratory 


TRANSACTIONS AIME 


Herbert James French 
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the development and research division, New 
York, in 1931, he took charge of alloy steel and 
iron development 
of this division in 1943. Mi 


ment as an Inco vice president came in March 


becoming assistant manager 


French's appoint 


1947. Previously, he was appointed assistant vice 
president of the International Nic kel Co. of 
Canada Ltd. in January 1947 

Mr. French served the War Production Board 
during World War IL as senior technical con 
sultant in charge of the metallurgical and specifi 
cations section of the iron and. steel branch 
When this section of the WPB was organized 
into the steel division, he was appointed chief 


From Mareh 1944 


hi served uS assis 


of the metallurgical branch 
to September 1945 Mi 
tant director 

Herbert French was well known not only for 
contribution the 


his prolific metallurgical 


literature, for which he received numerous 
awards, but also for his prolonged service to the 
profession through its tee hnical societies. He 
was a past president of ASM, and was the ¢ “anip 
bell Memorial Lecturer for that group in 1933 
Mr. French was honored by the American Society 
for Steel Treating in 1931 when he was awarded 


the Henry Marion Howe Medal 
tures he gave in 1941 before the Fourth Western 


A series of lec 


Metal Congress in Los Angeles was later pub 
lished in book form under the tithe Alloy Con 
structional Steels 
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Aowe Wemorial Lecture —1956 


Some Aspects Of 
Hardenable Alloy Steels 


writings and lectures 


Oscar O. Miller and John W. Sands. 


When untimely death overtook the eminent metallurgist who had been 
chosen to deliver this year's Howe Memorial Lecture, he was in the midst of 
gathering his material and developing new data in the thorough and com- 
petent manner in which he handled all such assignments. Out of regard and 
affection for Herbert French, and because we were his chief assistants with 
respect to this item of his activities, we have endeavored, to the best of our 
ability, to complete Mr. French's discourse along the lines which we believe 
he intended. We are sure that, had he been spared, you would be presented 
with a much more profound and better integrated discussion, but under the 
circumstances we beg your indulgence for any failure to meet the standards of 
excellence which always characterized Herbert James French's metallurgical 


We are presenting Mr. French's discourse as we have envisioned it — 


by Herbert J. French 


Prepared by Oscar O. Miller and John W. Sands 


T was my good fortune to have known Henry 

Marion Howe when I was a student at the School 
of Mines, Columbia University, some 20-odd years 
after he had gathered the material for his monu- 
mental work on the Metallurgy of Steel, published 
in 1888." His life span, unfortunately, did not ex- 
tend to the period of most rapid growth of alloy 
teels, but he had envisioned their future impor- 
tance very early in our century, as illustrated by 


H. J. FRENCH, Member AIME, deceased, was Vice President, 
International Nickel Co. Inc., New York 

After the death of Mr. French in August 1955, two of his associ 
ates in the International Nickel Co, O. O. MILLER, Member 
AIME, Head, Steel Section, Research Laboratory, Bayonne, N. J., 
and J) W. SANDS, Member AIME, Development and Research 
Div, New York, prepared the lecture from his dato 

TP 4265C. Manuscript, Apr. 11, 1956. New York Meeting, Febru 
ary 1956 
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this passage from the second edition of his book 
Iron, Steel and Other Alloys, published in 1906 
‘Alloy steels,” said Howe, “have come into exten- 
sive use for important special purposes, and a very 
great increase of their use is to be expected.” 

And how right he was! In the year 1906 alloy 
steel ingot production in the United States is esti- 
mated to have been not in excess of 100,000 tons. In 
one of the World War II years more than 13 million 
tons were produced, and during one month of that 
year production actually reached an annual rate of 
over 15 million tons which is two thirds of the entire 
steel] output of the year 1906 in which Howe made 
this forecast 

The commercial history of constructional alloy 
steels may be considered to encompass somewhat 
less than a century. Of course, the groundwork had 
been laid much earlier by pioneers from Faraday to 
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Mushet, whose illuminating investigations had 
pointed the but it not until Julius Baur 
established a plant in Brooklyn for the manufacture 
of chromium steels in 1869 that commercial produc- 
tion worthy of the name began." Progress 
mercially, however, was slow until the successful 
exploitation of nickel steels in 1885 by Marbeau in 
France. The unusual properties of these steels in- 
spired the famous Riley discussion of their charac- 
teristics before the British Iron and Steel Institute in 
1889.* The first major effect of this paper was an im- 
mediate investigation by the United States Navy of 
nickel steel plate made by the Schneider: 
Works in Creusot, France. The results of this careful 
testing program almost overnight, made all unalloyed 
plate obsolete for the of the world 
one of the most abrupt changes of pattern 
in the history of steel applications. The reason 
apparent from a contemporary illustration, 
Fig. 1, of the results obtained at Annapolis in 1890 
These test made short range with 8-in 
armor-piercing projectiles. The 3% pct Ni alloyed 
plate, in the center, did not crack at any In 
fact two of the five projectiles even failed to pene- 
trate completely. Obviously the same cannot be said 
of the normal carbon steel plate on the left or of the 
The latter is 
believed to have been a composite of a high carbon 
plate combined with a soft steel backing 


way was 


com- 


armor 


armo! navies 


This wa 
are 
quite 


were at 


point 


patented compound plate on the right 
steel face 
plate 

For nearly two decades thereafter, during which a 
transition military to industrial applications 
was proceeding, nickel, sometimes with 
chromium, dominated as the alloying element in al- 
loy teels 

In retrospect, the commercial approach to alloy 
of our century naive, 
steel metallurgists may look 
1955 with a similar 


from 
coupled 


steels in the early seem 
but in another 


back on the practices of 


50 years 
muy 


+ 


~~~ 


Average Nickel Content. 


1930 


Calendar Yeor 


Fig. 2—Estimated nickel in shipped weight and average 
nickel content of nickel-containing engineering alloy steels 


Nevertheless, it is revealing, in the light of 
oul knowledge, that Elwood Haynes, an 
automotive pioneer writing 1906, would 
that in 1899 a car built by Haynes and Apperson suc- 
Kokomo, Ind., to New 
1000 miles, without 
made of 
was the first 
He further 
automotive axles 

ingle case of breakage. The 
from erystallization (how my 


attitude 
present 
in boast 
cessfully made a trip from 
York City, a distance of about 
of any kind.” The axle wa 
to Haynes, 
automobile 


erious breakage 
alloy steel and, according 
such steel to be used in 
tated that thi teel wa 
for five y without a 

steel wa 
old friend H 


an 
used in 
free 
Gillett would have cringed at that 


not only 


W 


>> 


1—Boallistic tests by U. S. Navy on armor plate of carbon 
The tests were made at short range with 8.in. armor-piercing projectiles 


Fig 
Annapolis in 1890 (after contemporary woodcut 
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Fig 3—Estimated percentage of engineering steel grade mix 
containing indicated element (after Mitchell to 1952) 


statement!) but possessed the tensile 
trength of over 100,000 psi! 

The earliest steels were generally heavily over- 
alloyed as a matter of insurance. They could be sub- 
jected to the crudest of heat treatments or otherwise 
abused and still deliver superior properties. Unneces- 
ary overalloying, however, could not be tolerated for 


amazing 


long, on an economic basis if for no other reason. As 
technological advances were made in steelmaking 
(especially with respect to grain size control, largely 
accomplished by deoxidation with silicon plus alum- 
inum), heat treating, inspection, and engineering 
design, it was found that the leaner and less ex- 
pensive steels could be satisfactorily employed in a 
majority of applications. The most sudden and 
sharpest shifts in this direction quite naturally oc- 
curred during emergency periods when government 
enforced conservation measures precipitated alter- 
ations which would have evolved much more slowly, 
if at all, under normal circumstances 

It is fortunate indeed that this retrenchment took 
place. If, for example, the pattern of 1900 had still 


oos 


1900 1910 1920 1990 1940 1950 1960 
Calender 


Fig 4-—Average percentage of content of indicated element 
im the total engineering stee! production 
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prevailed in 1943, the amount of nickel required for 
United States production of low alloy steels alone 
would have totaled some 400 million lb, or consid- 
erably more than the world production at that time, 
Fig. 2. This chart shows the rapidly rising total con- 
sumption to 1943 in the face of sharply decreasing 
percent content. Even with the nickel-containing 
steels reduced from 100 to 56 pct of the total low 
alloy steels produced and their average nickel con- 
tent from 3.50 to 1.25 pct, it is estimated that ap- 
proximately 84 million lb of nickel were incorpo- 
rated in low alloy steels shipped from the mills in 
1943 

Figs. 3, 4, and 5 are designed to provide a some- 
what panoramic view of the kaleidoscopic variations 
which have occurred in the engineering alloy steel 
picture since the start of our century. They are based 
largely upon the informed estimates so ably pre- 
sented by John Mitchell in the October issues of 
Metal Progress in 1950° and 1952,’ which are sup- 
plemented in these charts by information issued by 
the AISI. The term engineering alloy steels in the 
charts refers to low alloy constructional steels 
mainly identifiable by AISI and SAE classification 
numbers. It does not include stainless steels, elec- 
trical silicon sheet steels, tool steels, or proprietary 
high strength low alloy structural steels 

Fig. 3 indicates the variation over the years 1900 
to 1955 in the percentage of these steels containing 
each of the four major alloying elements: nickel, 
chromium, molybdenum, and vanadium. In 1900 
virtually all the steels contained nickel, with 10 pet 
of them also carrying chromium. The latter steels 
were preponderantly of the Krupp composition, con- 
taining about 4% pct Ni and 1% pct Cr, developed 
for ordnance applications by the Krupp works at 
Essen, Germany. The Krupp composition, incident- 
ally, has proved of such durability that it, together 
with variations such as the AISI-SAE 3300 and 9300 
steels, is still in considerable demand, particularly 
in the carburizing grades for the most severe appli- 
cations 

In 1905 vanadium-containing steels, sparked by 
the Ford Motor Co., entered the picture, and for 
some 15 years grew steadily They 
reached their peak in 1920, when they accounted for 
one third of the total. Their decline began with the 
introduction of molybdenum steels, the use of which 
grew rapidly. Thus between 1920 and 1950 the pre- 
dominant feature was the rise of the molybdenum 
steels and the parallel decline of the vanadium 
steels, the nickel and chromium-containing share 


more popula! 


varying much less 

The sharp increase in the molybdenum line in the 
World War IU period was due to effective govern- 
ment conservation measures. Molybdenum was in- 
troduced into many steels to replace part of the 
nickel or chromium, forming the triple alloy Ni-Cr- 
Mo National Emergency compositions 

During the Korean period, on the other hand, it 
was necessary, again under government control, to 
retrench in both nickel and molybdenum. The major 
load was thus shifted to the more available chrom- 
ium, sometimes bolstered by addition of boron to 
increase hardenability 

With the removal of controls in late 1953, a tend- 
ency can be noted to revert to the pre-emergency 
pattern, a perfectly natural reaction 

Considerable time has been devoted to Fig. 3 be- 
However, it can convey a 
one clearly recognizes 


cause of its basic nature 
misleading impression unles 
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Fig. 5—Estimated grade mix of total SAE-AISI ingot production (after Mitchell to 1950) 


that the chart gives no indication whatever of any 
variations in the average percentage of a given ele- 
ment employed in the share which contains it. Thus, 
while the chromium and nickel curves change little 
between 1920 and 1950, the relationship between 
these elements and molybdenum and vanadium 1} 
influenced by the fact that the average nickel and 
chromium contents of the steels containing them 
were continuously decreasing, while the correspond- 
ing molybdenum and vanadium contents remained 
nearly constant 

The share of production containing the element 
and the percentage of the element employed therein 
average out for comparison purposes if the mean 
content of the individual element in the total pro- 
duction, as distinguished from the fraction contain- 
ing the element, is plotted, as has been done in Fig 
4. Expanded ordinate scales for molybdenum and 
vanadium, as indicated by the right hand scales on 
the chart, are necessary for clarity because these 
elements, when used, are employed in smaller per- 
centages than are chromium and nickel. Expanded 
cales are used for molybdenum and vanadium: five 
to one for molybdenum and ten to one for vanadium 

The development of the National Emergency 
steels in World War II was expedited greatly by the 
rapid method of hardenability measurement de- 
veloped by Jominy and Boegehold’ and the data of 


TRANSACTIONS AIME 


Janitzky and Baeyertz’ and Patton, 


all tempered martensites are e 
Limitations are discussed further along in the paper 
By combining these two developments, both of 
which are discussed in greater detail later, a simple 
approac h to maximum con ervation of alloying ele 


The procedure comprised adding the alloys 


which tend to 
how that room temperature tensile, and to some ex- 


tent room temperature notch-impact, properties of 


entially equivalent 


ments in time of heavy consumption was at hand 


, mainly 


2940 


$140 


tho 


(oe 


Fig. 6—Hardness distribution curves for quenched rounds of 
2340 and 5140 steels 
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Fig. 7—Jominy end-quench tests on 2340 and 5140 steels 


nickel, chromium, and molybdenum, judiciously 
proportioned to secure the hardenability required for 
the application in view. Thus the desired objective 
was at least approximately attained with the least 
alloy together with an 
equitable distribution of the alloy load in accordance 


upplhes of the three metal 


expenditure of strategic 


with the available 
The effect of the 
quickly devised according to these precept 


enforced use of the steel 7) 
upon the 
grade mix of engineering alloy steels was dramatic, 
Up to 1939 the nickel, Ni-Cr, 
were still accounting for about 50 
Within four short years 80 pet of 
this group had been supplanted by the leanly al- 
loyed steels of the Ni-Cr-Mo triple alloy type which, 
as the chart shows, wa mallest cla 
largely 
fourfold 


as Fig. 5 clearly show 
and Cr-V steel 
pet of produc tion 


previously the 
of all. Thi hift corresponded with, and 
made possible, the indicated better than 
production increase 

It cannot be denied that the concept of the equiva- 
lence of all steels of the same apparent harden- 
pect to certain mechanical properties 
to bridge the World War II and 
However, the fact that the 
measure many 
pecial dispensations to be allowed to con- 
tinue with standard grades was strong evidence that 
the substitute although they 
made to perform adequately if fabricated and con- 
ditioned with great care, were lacking in certain 
circumstance tends to cast doubt 
that the proper- 


independent of 


ability with re 
greatly helped u 
Kore an 


enforced 


conservation caused so 
pleas for 


materials, could be 


intangible Thi 
upon the validity of the hypothesi 
ties of 
chemical composition 

In point of fact large differences exist between 
of equal hardness and hard- 
indicated by 
simple 


tempered martensites are 


tempered martensite 
enability. These differences are not 
imple room temperature tensile tests. No 
testing method for evaluating the basic characteris- 
tics which lead to widely varying performance has 
Nevertheless, experience fre- 
certain steels to perform satisfac- 
of ostensibly the same hardness 


yet been devised 
quently show 
torily while other 

and tensile properties will fail miserably in the same 


service 


Standard Types of Alloy Steels under Discussion 


The procedure followed, in general, is to use the 
type number to indicate the chemical composition of 
each steel. The system is that employed by the SAE 
and the AISI. The use of four numbers is common 
practice, The first two indicate the alloy content and 
the last two show the carbon content (actually 100 
indicate an 


times the percentage of carbon). To 
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alloy type, without regard to carbon content, the 
last two numbers are replaced with zeros. The fol- 
lowing are the standard alloy types used herein 


AISI-SAE 


Steel Type Approximate Alloy Content, Pct 
1300 1.8 Mn 
2300 15 Ni 
4100 i Cr,0.2 Mo 
4300 1.8 Ni, 08Cr, 025 Mo 
4600 1.8 Ni, 0.25 Mo 
oo 1Cr 
0.6 Ni, 0.5 Cr,0.2 Mo 
Modified 4300 


Hardenability and Its Measurement 


At the outset of this section it is necessary to de- 
fine hardness and hardenability because an appreci- 
ation of both is essential to understanding the heat 
treatment of steels. Hardness is the intensity of 
hardening and is expressed numerically on one of a 
number of empirical scales, such as Rockwell, Bri- 
nell, or Vickers. Hardenability may be defined as the 
tendency of steel to transform (when cooled from 
the austenitic condition) to martensite essentially 
free from ferrite or ferrite-carbide aggregates which 
are decomposition products of lower hardness. Thus 
of austenite transformation de- 

teel, whereas the 
represented by the 


the manner or rates 
termine the hardenability of a 
intensity of the hardening is 
magnitude of the hardness achieved 

Our knowledge of the relationship between mass 
and cooling rate in the hardening of steel was de- 
veloped to our present concepts of hardenability and 
physics of quenching by the basic work of Porte- 
vin,” French, Scott,” and Grossman, Asimow, 
and Urban.” To this list may be added Grossmann’s 
later work” on calculation of hardenability from 
chemical composition. A fundamental understand- 
hardening of steel and origin of ferrite- 
carbide aggregates was provided by the studies on 
isothermal transformation of austenite by Daven- 
port and Bain” and Bain A little later, the funda- 
mentals of the transformation of austenite to mar- 
tensite were reported by Greninger and Troiano.” 
Hundreds of investigations have sprung from the 
groundwork laid by these studies, but a recounting 
of them is beyond the scope of the present discussion 

The most direct and precise measure of harden- 
ability is critical cooling rate, a concept which goes 
back almost 40 years to the work of Portevin.” Work 
on quenching and critical cooling rates by French 
and associates * at the National Bureau of 
Standards nearly 30 years ago indicated that, al- 
though hardness of quenched steel is maximum at or 
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Fig. 8—Relationship between hardness of strength, severity 
of test, and ductility in quenched and tempered hardenable 
steels 
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curves, if significant at all, actually favors the 5140 
steel. These and similar observations show that the 
end-quench hardenability test” is not alway capable 
of indicating significant differences in hardenability, 
uch as are shown by hardness gradient over the 


Fig. 9—Eftect of 
tempering tempera 


° ture on low tempera cross section of quenched parts. Troiano and Kling- 
< ture tensile ductility ler” have shown that such difference although not 
s of 1340 steel detected by the end quench test, may reflect sub 
$ quenched to mar stantial variations in microstructure, mechanical 
g tensite (after properties, and eventual performance. Thus it ap 
& Ripling). Figures pears that the limitations of the end quench test 

shown on curves are must be appreciated along with its well known ad 

a somporatures vantages, which include convenience peed, and 


suitability for the study of carburized case 

A martensitic structure on quenching is related to 
the critical cooling rate and is the goal inherent in 
Tempering Temperature °F the concept of hardenability. Quenched steels de 
One hour, water quench scribed as martensitic nearly always retain some 
austenite if cooled at, or faster than, the critical 
cooling rate. If cooling i lower than the critical 
rate, the steels are aid to be lack quenched and 


contain one or more of the following constituent 

ferrite, pearlite, bainite, and, unl the cooling rate 
is very slow, an appreciable quantity of austenite 
Attention will first be centered on the properties of 
tructure entirely martensitic prior to tempering 


1000 ps: 


$ Fig. 10—Notch and then on the effect of slack quenching. Finally, 
£ the effect of retained austenite, a subject of great 
4 strength of four 
: 0.40 pct C steels interest to the author for many years,” will be con 
idered 
z Dissimilarity in Mechanical Properties 
of Tempered Martensites 
i 1340 | One aspect of research on steel has been the de 
100 | | velopment of the philosophy in America that harden 
260 300 ability is the dominant factor and that the mechani 


Tensile Strength Level 1000 ps 


cal properties of all tempered martensites of the 
ame hardne and carbon content are alike, irre 


less pective of the percentage of other alloy element 
This philosophy has resulted from a too broad in 
terpretation of the work of Janitzky and Baeyertz 
and Patton.” Their work comprises a significant ad- 
vance, as has been indicated, in understanding the 


above the critical rate, it is not appreciably 
after cooling at somewhat slower rates. Thus it was 
hown long ago that high hardness alone is not a 
ufficient criterion of full hardening and that one 


should also examine the microstructure. In recent 
the factors involved in obtaining desired room tempera 


years numerous more convenient methods for 
study of hardenability have all but replaced the 
direct determination of critical cooling rates. Al- 
though these short cuts have provided much useful 
information, too frequently they have not included 
an appraisal based on the amount of martensite 


ture tensile properties, so widely used in engineer 
ing. The limitations, listed by Patton, are 1) carbon 
range limited to range of 0.30 and 0.50 pet, 2) room 


present. Consequently, it has been very encouraging | ¢3306 4340: Charpy V-Notch 
to see a curve of percent martensite on each end ash Klingle, Borne, trohmberg 


& Troiane 


quench hardenability curve in a recent publication.” anes 
Hardenability can be completely and satisfac- ) t 
torily indicated by a method, such as that used by 


Bain,” * comprising a series of curves showing dis- 
tribution of hardness across a radius or diameter of 


a series of round bars quenched in any specific man- 
ner. Such data can be correlated closely with com- 
mercial quenching of steel. Hardness vs depth curve ‘ 

from surface to center for a series of rounds ranging E 20 


in size from 1 to 3 in. in diam are shown in Fig. 6 s 
which indicates that this particular 3.5 pet Ni 2340 
teel possesse ubstantially greater hardenability 
than the 1 pet Cr 5140 steel. For example, at % in 
below the surface of the 2-in. rounds, the 2340 steel] 
hardened to Rc 52, whereas the 5140 steel hardened 


only to Re 45; furthermore, perhaps the per tence 


200 


of a substantial hardne difference virtually to the C 20 4s 
differ- Tempering Temperature 


urface may be of greater significance. Thi 


ence is not shown by the end-quench hardenabilit; Fig. 11—Effect of tempering temperature on notch tough 
data in Fig. 7: in fact, the slight variation of the two ness at 75°F of four alloy steels quenched to martensite 
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Fig 12—Notch toughness of six alloy steels quenched to 

martensite and tempered to Re 33 through 35. The 5145 

curve terminates at the left directly above the 1340 curve 


temperature ductility and impact within a tensile 
trength range of 110,000 to 200,000 psi only, and 3) 
the steel must be quenched completely to martensite 
interested in levels above 
where Patton's data are quite scattered, 
last decade indicates that any sim 
tempered 


Today we are trength 
200,000 psi, 
and work in the 
mechanical properties of 
martensites of different composition de- 
on the method of evaluation, in other words, 


timely to 


ilarity in. the 
chemical 
pend 
the type of test 
entire philosophy 

room temperature tensile and im 
trength levei of 


Consequently, it seems 
review thi 

Unfortunately 
tricted to a maximum 
200,000 psi, represent a small portion of the 
possible condition hown in Fig. 8, under which 
teel used. Fig. 8 is a three-dimensional 
chematic diagram relating: 1) hardness or strength 
inversely related to the tempering temper- 
affected by such 
ting temperature, speed of load ap- 
3) ductility as indi- 


pact test re 
only 


may be 


which 

ature, 2) severity of test which 1 
variables as te 
and notch 


plication harpne 


Steel Deoxidizer 
& 5145 al 
1340 & 1955 


te Martensite 


*wMedilied by Adding 
ond OF 


— 


wo 200 100 100 200 yoo 400 
Test Temperature 


Fig. 13—Notch toughness of four steels oi! quenched to 
martensite and tempered at 400°F 
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cated by notch toughness, tensile reduction of area, 


notch-tensile strength, and similar criteria. Such a 


diagram summarizes schematically a great amount 
of testing experience on tempered martensites, as 
will be shown presently. First, however, it needs 


ome explanation 

A discussion of Fig. 8 must be prefaced by 
phasizing that it is only schematic and that, there- 
fore, the various dimensions are purely relative. The 
ductility axis is vertical; thus, the height of the roof 
represents ductility or notch toughne The front 
axis is hardness or strength, which decreases a 
tempering temperature increases. The axis running 
front to back represents severity of test or use in- 
duced by changes in temperature, notch acuity 01 


em- 


Table |. Chemical Composition of Steels Investigated 


Chemical Composition, Pet 


AISI-SAE 
Steel Type” Mn si Ni Cr Mo alr 


Fine Grain Type Deoxidized with Silicon and Aluminum 


1440 049 179 O24 oll 007 N 0 0.008 
044 O88 O26 755 008 OOS Of 6 008 
4140 041 082 023 095 016 0018 00 
440 040 082 O29 172 O85 O25 OO17 0010 
0 42 0.76 0.24 1.78 018 026 0042 0.010 
5145 045 68 0.17 004 005 0.02 0.024 0 001 
Modified 43404 038 0.77 157 182 O84 O32 O07 0.027 
Coarse Grain Type**—Deoxidized with Silicon 
1340 202 O41 0083 OOF Nil 
1355 0.56 1842 O29 
2:340 041 O91 O32 331 008 OO] 
5140 041 086 O34 006 O98 OO} 
* Some are not in the standard list it present t ure ight 
itside the specified range, however, tt dentif tior ed fe 
entience 
Acid soluble, that slumina t uded 
t Cor erei heats made in ba pe heart! t ect 
fu ‘ 
i Modified by high ' ind bale it 1b 007 pet V 
ercial induction-f nace heat except 
ide in a borator fuct ‘ 


harpness, and speed of loading which, in turn, de- 


termine degree of constraint and multiaxiality of 
loading 
In Fig. 8 the coastal plane, ABCDEFGHJKL 


represents minimum ductility, the brittle condition, 
caused by high hardness (low tempering tempera- 
ture), severe constraint, or an unfavorable combina- 
tion of these variables. As tempering temperature | 
increased from T1 to T4, going from left to right on 
the front axis, the ductility of the tempered marten- 
ite increases to produce the ridge MN on the T4 
front-to-back rib between P4 and 
P8. This ridge drops to the brittle coastal plane at H 
of test or use rep- 


everity condition 


only under the severe condition 
resented by Pl to P3. Tempering martensite in the 
range T5 to T6 produces the valley PG, which rep- 
resents the so-called 500°F embrittlement. Above 
T6 the ductility tempering temperature Is 
increased, except that significant embrittlement may 
develop in the vicinity of T8 to T9, representing 
tempering temperatures of 850° to 1100 F, if 
in this region ik than about 1 hr. For sim- 
plicity we will assume that tempering time is short 
enough to minimize this temper-embrittlement diffi- 
culty to an insignificant amount 

In Fig. 8 room temperature tensile test 
those of Patton,” occupy a small region in the vicinity 
of RS, at the right one would 
expect fairly high, uniform ductility in his results 
At the same time it is 
only a small portion of 
tested or used 


rises as 


time 


longe! 


uch as 


rear; consequently 
because conditions are mild 
obvious that RS represent 

conditions under which steel may be 
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Quenched to 
70> phertensite + + + + + 
4140 
1940 
+ + + + + 4 
| 
7 
| 


ig 


Table II. Heat Treatment of Steels for Study of Effect of Chemical Composition If Full or Slack Quenched Prior 
To Tempering to Rc 32 to 35 


Austenitizing* Quenched to Martensite Slack Quenched to Re 


Tempering? Tempering 
AISI-SAE Temperature Grain Size Quench Temperature Hardness Temperature Hardness 
Steel Type* ASTM Mediam Re ' Ke 


Water 950 725 
2345 1500 4 oil 950 J 


1550 oul 1000 BOO 
4340 1550 8 Oil 1200 1000 ‘4 = 
Wao 1550 7to8 ou 1175 925 $2 


9145 1575 Water 950 iS ‘Ss 


As conditions of test or use become more severe, Notch-impact data at a series of test temperature 
for example by lowering the temperature, the duc- comprise a particularly good way to illustrate the 
tility of steel decreases most markedly in the region notch toughne of different steels. A large amount 
of 500 F embrittlement, corresponding to the valley of testing experience indicates that a= significant 
PG in Fig. 8. The work of Ripling™ on unnotched criterion of notch toughne is the test temperature 
pecimens of 1340 steel slowly loaded in the rela- at which the energy absorbed reaches some rela 
tively mild tensile test illustrates this change in tively low value in the range of 10 to 20 ft-lb,” the 
ductility, as shown in Fig. 9. The curve for a test ame energy level preferably being chosen for com 
temperature of 75 F shows no deterioration in re- paring the same group of steels. The data in Fig, 12 
duction of area if tempered in the range 500° to how that sizeable differences in notch toughness of 
700 F, whereas the curves for 110°, 220°, and tempered martensites do exist between steels with 


teels are the 


321 F, representing successively more severe con different chemical compositions. The 


dition how successively more evidence of 500° F fine grain type and are the first six listed in Table I 
embrittlement as testing temperature is lowered 
The use of low test temperatures is not the only 0 


vay to increase the severity of the tensile test 


340 
If room temperature tensile tests are made on ase 
Temper Embrittlement 4 
notched specimens, the constraint imposed by the 
notch may become great enough not only to detect “- 
various type of embrittlement but also to detect _ 140 


ignificant differences between tempered martensite 
at high strength levels (above 200,000 psi). Such 
differences are not detected by tests of unnotched 
tensile specimens at room temperature 

Sachs and associates, who developed the notch 
tensile test, have hown that the notch-tensile 
trength increases one and a half times as fast as the 
tensile strength, as indicated by the diagonal straight 


line in Fig. 10, until a limiting value, characteristic ! - 


of the type of steel being tested, is reached. Above Tempering Time - hours 


Cherpy ¥ Notch impo 
8 


this value the notch strength begins to lag. Sachs has 
hown that above the breakaway point notch Fig 14—Notch toughness at room temperature of 2340, 


5140, and 1340 steels water quenched and tempered at 
trength is controlled by the notch ductility, as in- a 

1000°F, showing development of temper embrittlement 
dicated by reduction of area at the root of the notch 
Conversely, therefore, the notch strength in this re- 
gion is a measure of the notch ductility. Thus the ” | awstenitised One 
present data indicate that at high strengths notch | Hour of 1525 °F. Quenched = 
ductility is least for 1340 and increases progressively Tempered to 35 Re 
for the 5140, 2340, and 4340 steel This illustrate 4 
that, as already mentioned, the room temperature . 
notch-tensile test is capable of distinguishing be 


tween alloy steels of different chemical composition 
Notch-impact tests, such as Charpy or Izod test 


are inherently more severe than tensile tests of un- 
notched specimens. It is not surprising, therefore, to 
find that Charpy notch-impact tests at room tem- 


Cheorpy Notch tmpeoct 


perature differentiate between steels of different 10} 

chemistry. This is shown in Fig. 11 by data from two 

oures ‘one being Grossmann’s Howe Lecture in 

1945. These curve how the ridge corresponding to 
the 400 F temper and the 500°F embrittlement val- 

ley. Thus they fit well into the general scheme of Fig. 15—Effect of slack quenching on notch toughness of 


things in the schematic diagram, Fig. 8 1340 steel 
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ae 
* These tee e the fine grain type ee Table I 
At temperat f et 
Water quenched after a 1 hr temper pet 
a 
if’ 
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| 
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: 


Cheney Noth 


Test Temperature 


Fig. 16—Notch toughness of six alloy steels slack quenched 
to Re 40 and tempered to Re 32 through 35. The 4340 curve 
terminates immediately below the 2345 curve 


Mortensite 


Slock Quenched 
to & 4 


Fig 17-—Charpy V-notch impact transition temperature (15 
ft-lb) of six steels full of slack quenched prior to tempering 
to Re 32 through 35 


Patten O30 . 
Heels tor Open Circles . 


200 210 720 2% 240 
Strength pe 


Fig. 18—Influence of carbon content on reduction of area 
latter Busby, Paxton, and Hawkes) 


Details of their heat treatment, comprising quench- 
ing to martensite before tempering to Re 33 through 
15, are given in Table Il 

The trends in Fig. 12 may be summarized by noting 
that 1) 4345 is best and 1340 is worst, 2) 2345, 4140 
1640, and 5145 are intermediate, and 3) at the 
lowest test temperatures 5145 definitely joins 1340 


in poor behavior. The carbon range of the group is 
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narrow: 0.40 to 0.45 pct. Almost identical data on a 
different set of fine grain commercial steels of the 
same six AISI-SAE types were obtained by Baey- 
ertz, Craig, and Sheehan,” the only significant dif- 
ference in the results being that the 4140 did not 
make as good a showing as it does in Fig. 12 

Sizeable as the variations are in Fig. 12, they do 
not approach the tremendous differences which can 
develop, as shown in Fig. 13 by four martensites 
which were tempered at 400°F and differ in transi- 
tion temperature, using 10 to 15 ft-lb as the criterion, 
by almost 600°F. The 4340, modified as indicated, 
has a transition temperature of about —200°F as com- 
pared to about + 400°F for the 5145 and the 1340. The 
difference in the deoxidation practice between the 
4340 and the 1340 partially accounts for the wide 
variation between them. The silicon deoxidized 1355 
teel, which is higher in carbon than the others, re- 
mained brittle when tested at 600°F and only 
reached 10 ft-lb on testing at 800°F. Thus, the 10 ft- 
Ib transition temperatures of the modified 4340 and 
the 1355 differ by 1000°F. However, the potential 
difference is probably even greater, because the 1355 
steel received the additional toughening treatment 
of an 800°F temper during testing. This experiment 
was, aS you may suspect, designed deliberately to 
emphasize the wide spread of the possible differ- 
ences which similarly tempered martensites may ex- 
hibit. The chemical composition and heat treatment 
of the steels in Fig. 13 are given in Tables I and III, 
respectively 


Table Ill. Heat Treatment of Steels for Study of Effect of Chemical 
Composition if Quenched to Martensite Prior to Tempering at 400°F 


Austenitizing* 


Grain Tempered 
Temper Size Quench Hardness 
ASTM Medium 


Steel Type* ature, °F 


Modified 4340 4to7 
145 1575 6to 
1440 6 
1355 


* Modified 4340 and 5145 are fine grain type 1340 and 1355 are 
irse grain type. See Table I 

At temperature for 1 hr 
! Water quenched after a 1 hr temper 

ooled also to 120°F in liquid nitrogen within about 10 mir 


oll quenching 


When steels are tempered in, or slowly cooled 
through, the temperature range 850° to 1100 F, 
many are susceptible to a disease known as temper! 
The notch-impact test provides a 
convenient method of evaluating this susceptibility, 
as shown in Fig. 14 for the 2340, 5140, and 1340 
steels austenitized, water quenched to martensite, 
tempered at 1000°F for 1, 4, or 24 hr, water 
quenched, and tested at room temperature. These 
teels were made and deoxidized similarly with sili- 
con alone, see Table I, yet they differ significantly 
in susceptibility to temper embrittlement: the 2340 
showing none; the 5140, some; and the 1340, most 
These trends are in general agreement with the data 
of Taber, Thornlin, and Wallace 

The data in Fig. 14, backed by extensive notch- 
representing many tempering and test- 
ing temperatures, should not be interpreted to mean 
that temper embrittlement cannot be developed in 
2340 steel. On the other hand these data and other 


embrittlement 


impact test 
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Mack Quenched 5145 
‘ to Rockwell C 40 4640 
4340 
1340 
2345 
q 
100 0 100 200 yoo 400 
4140 4040 4140 1340 
| 
0 } 4 
1 
Quenched to 
| 
ing? 
Tem 
400 ‘4 
Oils 400 55.5 
oi 400 2 
oi 400 51 
‘ 
o 
°8 Co 
} “oe +10% 
? Average 


Transiton Temperoture °F 


‘ 


Leberetery Heats Quenched to Martensite 
Tempered One Hour 1000° fF Woter Quenched 


Fig. 19—Effect of carbon content on Charpy V-notch impact 
transition temperature, based on 12 ft Ib (after Baeyertz, 
Craig, and Sheehan) 


Bose Analysis % 


A + > 
& Mongorere 
O Nebel 
@ Chromium | 


Alloy tlement 
Fig. 20—Effect of three alloy elements on Charpy V-notch 


transition temperature taken at 50 pet of maximum energy 
data from Busby, Paxton, and Hawkes) 


testing experience do show conclusively that the 
rate of development of, or severity of, temper em- 
brittlement and 500°F embrittlement increases in 
the order 2340, 5140, 1340. This again demonstrate 
that all tempered martensites are not alike. It is 
also interesting to note that the order for these three 
steels is the same as shown by the notch-tensile and 
notch-toughness data in Figs. 10 and 12, respectively 


Dissimilarity in Mechanical Properties if Slack 
Quenched and Tempered 

Thus far attention has been centered entirely on 
steels quenched to martensite (plus some retained 
austenite) before tempering. In commercial quench- 
ing this is the exception rather than the rule, as 
shown by studies in England and America. A study 
of American practice shows that less than 20 pct of 
representative machine parts” are quenched essen- 
tially completely to martensite before tempering 
The remainder are slack quenched to a microstruc- 
ture comprising martensite plus ferrite and/or! 
ferrite-carbide aggregates formed at relatively high 
temperatures. As the martensite is diluted with these 
high temperature products, the as-quenched hard- 
ness drops as shown in the following tabulation 
which, although the values listed are for 1340 steel, 
is typical of the general trend in carbon and alloy 
steels 


High Temperature 


Hardness, Martensite, Products, Type of 
Re Approximate Pct Approximate Pct Quench 
58 100 0 Full 
85 15 Slack 
47 70 0 Slack 
0 40 60 Slack 


Thus the drop in hardne indicates the relative 
amount of high temperature transformation prod- 
ucts. The transition temperature, based on the fre- 
quently accepted criterion of 15 ft-lb, is raised 50 
100°, or 350° F above that of full martensite by slack 
quenching to Re 51, 47, or 40, respectively, and tem- 
pering to a constant hardness of Rc 35, Fig. 15. Thi 
is the coarse grain type of 1340 steel, Table I, and its 
heat treatment for study of slack quenching is 
shown in detail in Table IV 

Inasmuch as slack quenches are common in indus- 
try, it is desirable to examine a number of alloy 


steels to determine if chemical composition affect 


notch toughness or ductility in this heat treated con- 
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dition. This has been done for the first six steels in 
Table I, which shows that all are the fine grain type 
They were slack quenched to Re 40 and subse- 
quently tempered to a Re range of 32 through 35 
Details on heat treating are given in Table II. The 
results in Fig. 16 show that the temperature at 
which the steels reach the 10 to 20 ft-lb range differs 
by more than 200°F. Certainly all are not alike, 
even though the curves for some cross one another 

Comparison of the curves in Fig. 16 with those for 
the fully quenched and tempered condition, Fig, 12, 
hows that slack quenching has emphasized the dif- 
ference between the steels, thus suggesting that the 
effect of chemical composition is greater in the case 
of slack quenching. This is better illustrated in Fig 
17, in which the steels are arranged, from left to 
right, in the order of decreasing notch toughness for 
the slack-quenched condition, using the criterion of 
transition temperature based on 15 ft-lb. The differ 
ence between the two bars for each steel is a meas 
ure of the rise in transition temperature caused by 
lack quenching. This marked rise in transition tem- 
perature, produced by slack quenching, is empha- 
ized in the following table, which provides a more 
quantitative aspect and also shows the variations 
between steels of different type 


Transition Temperature, °F, 


Based 15 Fe Lb 
Increase Caused 


AISI Slack Quenched Quenched to by Slack 


Type to Re 40 Martensite Quenching, °F 
2545 150 la thar 20 More than 170 
440 lo lu thar 120 More than 220 
440 100 260 160 
4140 70 Less than — 420 More than 250 
5145 224 248 
1440 145 175 10 


In summary we may say that the steels differ in 
transition temperature by 285°F as slack quenched 
prior to tempering and by more than 145°F if 
quenched to martensite before tempering. This de 
gree of slack quenching has raised the transition 
temperature on the average by more than 200°F 
These numbers, although interesting, are in them- 
selves of le ignificance than the fact that the 
relative magnitudes are indicative of the general 
or relative performance to be expected under ad 
verse conditions of use 

The value of data on transition temperatures of 
fully quenched and tempered or slack quenched and 
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a—2.5 pet austenite (54.5 Re) 
Oil quenched and cooled to —320°F 


Fig 21 


b—5 pct austenite (53.5 Rc) 
Quench arrested at 390°F for 25 min 


»* oe. 


c—10 pct austenite (52 Rc) 
Quench arrested at 440°F for 1 hr 


Light micrographs show modified 4340 steel austenitized at 1650°F, quenched as indicated, and tempered at 400°F. 


Specimens were etched with super picral-nital, X1000. Area reduced approximately 15 pct for reproduction 


diminished considerably by the 
tatistical data in this field 
we do not know the amount of vari- 


tempered steels i 
almost complete lack of 
For example 
ability to expect in transition temperature between 
heats made by the same 
different 
ferent mills. If we had such 
ignificance of these data in 


teelmaking practice or by 
teelmaking practices in the same or dif- 
tatistical information 
we could evaluate the 
terms of the degree of certainty of the various 


Table 1V. Heat Treatment of 1340 Stee! to Show Effect of Degree 
of Slack Quenching 


Tempered 
Hardness 


Tempering 
Temperature 


eoling from Austenitizc’ 


‘ 
id water quenched 


trends. As things are now, however, we must be con- 
tent with the observed and the in- 
made therefrom 


general trends 


Effect of Alloy Elements on Ductility and 
Notch Toughness 

It has been known for a long time that, in general, 

an increase in the carbon content of steel for any 

and type of microstructure is often 


* The recent 


given hardne 
accompanied by a decrease in ductility 


ot exce ‘ short tempering 
wr embrittiing effects nm the cinit of 850 


work of Hawkes” illustrates the effect of carbon on 
the reduction of area of fully hardened and tem- 
pered steels at a tensile strength of 150,000 psi. More 
recently Busby, Paxton, and Hawkes” showed that, 
for the same strength level, the reduction of area is 
higher for steels in the 0.11 to 0.28 pet C range than 
in the 0.30 to 0.50 pet C range studied by Patton,” as 
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hown by Fig. 18. The effect of carbon on notch-im- 
pact transition temperature of three types of alloy 
teel (all oil quenched to martensite, tempered at 
1000°F, and water quenched) is indicated in Fig. 19, 
which was prepared from selected data from the 
work of Baeyertz, Craig, and Sheehan.” “ Fig. 19 
shows that as carbon is decreased from 0.80 to 0.40 
pet for the 2300, 4300, and 8600 steels, there is a 
decided lowering of transition temperature. No sig- 
nificant decrease in transition temperature occurs in 
reducing the carbon content progressively from 0.40 
to 0.30 to 0.20 pet; in fact, there is a slight indication 
of an increase in transition temperature. This is sur- 
prising because a decrease in transition temperature 
(increased ductility) was expected, About all we 
can say is that if there is a decrease in transition 
temperature in going from 0.40 to 0.20 pet C, these 
data do not suffice to show it. Furthermore, the few 
cattered published data fail to support a decrease 
in transition temperature in going below 0.40 pct C 
Further work is needed in this area 

Quantitative data on the effect of other alloy ele- 
ments in the quenched-tempered condition are very 
scarce, but an analysis of the data of Busby, Paxton, 
and Hawkes“ shows the effects of increasing man- 
ganese, nickel, and chromium on transition tempera- 
ture in the base composition indicated in Fig. 20 
The 16 fine grained steels used for Fig. 20 were aus- 
tenitized at 1600°F, quenched to martensite, and 
tempered for 24 hr at 212°F to a hardness range of 
Re 49 through 54. The curves in Fig. 20 indicate that 
transition temperature is increased greatly by man- 
ganese, increased a little by chromium, and de- 
creased greatly by nickel. Alone these data would 
be of insufficient weight to be convincing, but they 
confirm the trends presented above. Data 
available on silicon which, if about 1.5 pet is added, 
lowers transition temperature on tempering in the 
vicinity of 500° to 600°F by raising the temperature 
of 500°F embrittlement, as shown by the work of 
Allten and Payson“ and Shih, Averbach, and 
Cohen.” The beneficial effect of silicon is limited to 
this tempering range 


are also 


TRANSACTIONS AIME 


Water Quench to it aM ter te 1000 “4 
k Quench to it 900 $5 
Slack Quench to He 47 ao $5 
Slack Quench to He 4 725 5 
* Austenite grat ve after | br at 1525°F 7 to 8&8 ‘(ASTM 
cale in ‘ ree grain type of 1340 
* Probabl this 
to 1100°F 


a—2.5 pct austenite (54.5 Rc) 
Oil quenched and cooled to —320°F 


Specimens were etched with super picral 


that manganese 
ignificantly in 


A point of considerable interest is 
lowers transition temperature very 
low carbon normalized steels, as indicated by sev 
eral technical articles and work to be published 
shortly by two of the author's Unfor- 
tunately this reversal of the effect of manganese is 
just as much a mystery as the unexpected behavior 
of carbon at low levels 

The mechanism by which the alloy elements effect 
changes in ductility and notch toughness is unknown 
except that silicon retards tempering by retarding 
the formation of platelet which is as- 
sociated with 500 F embrittlement.” “ This knowl- 
edge about the effect of silicon and the fact that 
notch toughness is affected greatly by microstruc 
ture suggest that eventually we may find that the 
other elements exert their influence through micro- 
structural changes not yet detected. Such studies on 
tempered martensite are needed, The improvement 
in notch ductility, usually accorded to nickel, may 
ociated with microstructural changes during 


associated 


associates 


cementite, 


be a>» 
tempering. On the other hand, it may be 
with changes in the properties of the ferrite matrix, 
subgrain structure po 

which appear to 


such as development of a 
sibly associated with dislocations, 
be intimately related to metal’s flow and fracture 


Effect of Retained Austenite 

A subject which has been controversial for many 
years is the effect of retained austenite on the me- 
chanical properties and service life of steel. French 
has discussed its beneficial effects in relation to 
fatigue life” and room temperature notch tough- 
ness.“ Cohen and co-workers reported that the most 
triking effect of retained austenite is a decrease in 
vield strength and elastic limit,” and demonstrated 
that, as might be expected, it Is 
may undergo 
testing.” The 
with its tendency to add to fatigue life 


train sensitive and 


transformation during mechanical 
latter observation may be 


which 1s en- 


associated 


hanced, within limit by an increase in hardne 


such as would result on transformation of the re- 


tained austenite to martensite 
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b—5 pct austenite (53.5 Rc) c 
Quench arrested at 390°F for 25 min 


Fig. 22—Electron micrographs show modified 4340 steel austenitized at 1650°F, quenched as indicated, and tempered at 400°F 
Negative parlodin replica was shadowed with germanium at 30° from the normal to 


plane of replica. X10,000. Area reduced approximately 35 pct for reproduction 


¢ 
10 pet austenite (52 Rc) 
Quench arrested at 440°F for | hr 


More work 1 
the effect 
oratory tests and it 
part For many years some metallurgists have sug 
highly beneficial in heavy 
duty applications, such as carburized gears for 
trucks, yet others claim that it is detrimental even 
in ordinary applications. Work is now in progres 
to relate the amount of retained austenite to the life 


needed to bridge the gap between 
of retained austenite as indicated by lab 
effect on service life of machine 


gested that it may be 


of carburized steel gears.’ 

No data have appeared on the effect of retained 
austenite on transition temperature. Therefore, it 
was decided to do a little exploratory work. For 
this purpose a steel is needed that can be heat 
treated to a martensitic matrix in which the amount 
of retained austenite can be varied widely and in 
which a Charpy V-notch-impact of 15 ft-lb, or more 
develops on tempering at 400 F. This temperature ts 


near the maximum allowable to avoid significant 


transformation of austenite Such steels are scarce 
however, the modified 4340 1.6 pet 
Si and 0.07 pet V, Table I, meets these requirement 


reasonably well 


teel containing 


2.5, 5, and 10 pet as re 
entially 
employ 


Three levels of austenite, 
vealed by X-rays, can be retained in an ¢ 
tempered-martensite matrix of this steel by 
hown in Fig. 21. The term 
used advisedly, 


ing the heat treatment 
essentially tempered martensite 1 
because the two quenching arrest necessary to 
tabilize more austenite than present in the directly 
quenched specimen, may contribute to bainite for 
mation. Th is indicated by the isothermal tran 
formation diagram, which neidentally, 1 
identical for this modified 4340 steel” and regular 
4340 steel.” The specimens were etched in an unsue 
cessful 


ather than retained austenite 


almost 


attempt to reveal the expected bainite, 
Which requires a dif 
procedure Thus the three miucro- 
ication of X1000, in Fig. 21 


Electron micrograph at 


ferent etching 
all at a magnif 
are practically identical 
X10.000. Fig. 22, also show no discernible difference 
These observations are 


graph 


among the three specimen 
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Fig. 23-—-Influence of retained austenite on notch toughness 
of modified 4340 steel tempered at 400°F 


in agreement with considerable metallurgical ex- 
perience, and with recently published electron micro- 
copic work,” in which there was no significant dif- 
ference in microstructure between tempered mar- 
tensite and tempered low temperature bainite 

It seems reasonable to assume from the foregoing 
discussion that the only ignificant difference in 
microstructure, produced by the heat treatments in 
dicated in Figs. 21 and 22, may be the 2.5, 5, and 10 
pet retained austenite, In Fig. 23 the Charpy impact 
curves for these three levels of retained austenite, 
over the usual testing temperature range, do not in 
dicate any major effect of retained austenite. Yet it 
hould be mentioned that the differences which do 
exist indicate that the retained austenite, within 
limits, may improve low temperature notch tough- 
re Further work is needed in this field to provide 
convincing data 


Summary 


As predicted by Howe in 1906, alloy steels have 
enjoyed a large and continuous growth. This growth 
has been accompanied by lower and lower percent 
iagee im the tecls of the two initial alloying ele 
ment nickel and chromium, as improvements in 
teclimaking, heat treatment, and design of machine 
parts were made and as other elements, such a 
vanadium, molybdenum, and boron, were to be use 


Artificial 


induced by abnormal production r¢ 


ful alloy elements in hardenable steel 
alloy shortage 
quirements during national emergencies, have accel 
erated changes in alloy steel composition 

Chemical composition significantly affects the duc- 
tility and notch toughness of tempered martensites, 
as demonstrated by supporting data. This is in dis- 
agreement with a growing philosophy in America 
that all tempered martensites are alike and that 
therefore, hardenability is the only significant factor 
in steel selection. The effect of chemical composition 
pronounced if steels are lack 


quenched, as is the rule rather than the exception 


even more 
in commercial practice, to give a mixture of marten- 
site and ferrite plus ferrite-carbide aggregate prio! 
to tempering 

The data which have been presented herein sug- 
gest that the mechanical properties of the triple 
alloy Ni-Cr-Mo steels are, in general, superior to 
those of the double or single alloy steels. This is a 
happy circumstance because, as is well known, the 
triple alloy steels comprise the most efficient use of 
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the elements for imparting hardenability. The 
amount of these elements in scrap continues to in- 


crease, conservation therefore is greatly aided by 


concentrating on the triple alloy grades with o1 
without vanadium and boron 
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Mechanism of Electrical Conduction in Molten 


Cu S-Cu Cl and Mattes 


The specific conductance and its temperature dependence were measured over the 


entire composition range of the molten Cu.S-CuCl system. At a typical temperature of 
1200°C, 10 mol pct of the ionically conducting CuCl reduced the specific conductance 


from about 77 ohm ‘cm ' 


reduced the conductance to that for pure CuCl—about 5 ohm ‘cm ' 


for pure Cu.S to about 32 ohm ‘cm ', and 50 mol pct CuCl 


The nature of 


electrical conduction in molten Cu.S, FeS, CuCl, and mixtures was studied by measur 
ing the current efficiency of electrolysis at about 1100°C. The Cu.S, FeS, and mattes 
were found to conduct exclusively by electrons, but addition of 15 wt pct CuS to Cu.S 
produces a small amount of electrolysis. Addition of CuCl to Cu.S suppresses electronic 
conduction, and ionic conduction reaches almost 100 pct at a CuCl concentration of 
about 50 mol pct. These facts are interpreted in terms of electron energy level dia 


pte ey of electrical conductivity studies on 
molten Cu-FeS mattes as a function of com 
position and temperature have been reported.’ The 
ranged from about 100 ohm 
for pure FeS 

pecific con- 


pecific conductance 
em for pure Cu,S to 1500 ohm’ cm 

This is in sharp contrast with the low 
ductance of molten ionic salts for which the transfer 
of electricity is by migration of ions in the field. In 
general, these ionically conducting molten salts, such 
as NaCl, KCl, CuCl, etec., have a 
ance of the order of magnitude of 5 ohm' cm It 
was concluded on the basis of this evidence that 
molten FeS and Cu.S exhibit electronic conduction 
Pure molten FeS has a 
coefficient of specific conductance, 


pecific conduct- 


mall negative temperature 
resembling metal- 
mall 
positive temperature coefficient, resembling semi 
molten Cu,S-FeS mattes follow a 
both with respect 


lic conduction, while pure molten Cu,S has a 


conduction. The 
roughly additive rule of mixtures, 
to specific conductance and temperature coefficient 
Savelsberg has studied the electrolysis of molten 
CusS and Cu.S + FeS. He concluded that while 
molten Cu,S is an electronic conductor, there | 
some ionic conduction in molten Cu.S + FeS, owing 
to the formation of the molecular 
2Cu.S-FeS and its dissociation into Cu’ and FeS 
ions. The present work does not verify his result 
Chipman, Inouye, and Tomlinson tudied 
the specific conductance of molten FeO and report 


compound 


have 


a high specific conductance, about 200 ohm’ cm 

of the ame order of magnitude as that found for 
molten mattes, and a positive temperature coeffi- 
cient. They interpret these results in terms of p 
type semiconduction in the ionic liquid by analogy 


to the situation in solid FeO." Simnad and Derge 


L. YANG is Research Associate, Metals Research Laboratory, 
Carnegie Institute of Technology G M. POUND and G DERGE, 


Members AIME, are Assistant Professor and Jones & Laughlin Pro 
fessor of Metallurgical Engineering, respectively, Carnegie Institute 
of Technology, Pittsburgh 
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grams by analogy to the situation in solids 


by Ling Yang, G. M. Pound, and G. Derge 


ionization in molten FeO by 

means of electrolytic cell efficiency measurement 
In order to verify the conclusion that electrical 

electronic, 


detected appreciable 


conduction in molten Cu.S and mattes | 
insight into the 
following investigation 


tructure of 
were 


and to gain further 
molten sulfides, the 
carried out in the present work 

1) The conductance, o, of the molten 
ystem Cu.S-CuCl wa 
temperature over the entire composition range, As 
ubstance 


per ifie 
measured as a function of 


discussed later, molten CuCl is an ionic 
thought that if molten Cu.S were simply tonic 
in nature, addition of of CuCl might 
not have a catastrophic effect in lowering the high 
conductance of the Cu.S. On the other hand, if much 

addition of the 
effect in destroying the 


It wa 
mall amount 


electronic conduction oecut 
CuCl 
electronic conduction 

2) The electrolytic cell efficiency of the following 
molten systems was measured at about 1100°C in 
pecially designed cells: Cu,S; Cu,S + FeS, 50:50 by 
wt; FeS; Cu.S + CuS, 15 wt pet; Cus CuCl 
19 to 46.4 mol pet; and CuCl This give a direct 
fraction of current carried by ton 
Further, the cell efficiency, extra 


hould have a large 


measure of the 
in these melt 


polated to zero tonic current, is given by 


cell efficiency ) [1] 


’ for molten Cu.S would be expected to be no 
yreater than that for molten CuCl, whose o j 
about 5 ohm cm u will be een in the following 
a for molten CuJS is of the order of 100 ohm 


em Thus, a large increase in cell efflaaency from 
0 to values of 10 to 100 pet upon addition of CuCl 
to Cu'S would indicate destruction of the electrons 
conductance 


Conductance Measurements 


Experimental Procedure ‘The apparatus and ex 
perimental method were the same as those de 
cribed in detail in connection with the study of 


electrical conduction in molten Cu.S-FeS matte 


A four terminal conductivity cell and an ac poten 
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- 
= 
: pt: 


or 
= 9SM% CugS 


40 
4 
hi 


Temperature, *C 


Fig. |~—-Graph plots specific conductance of melts of Cu.S 
with CuCl 


tiometer circuit were used to measure specific con- 
ductance. The tubes of the cell 
opectrographic graphite rods served a 
The molten Cu,S-CuCl wa 
Alundum crucible. The melt wa 


were of silica 
electrodes 
contained in a dense 
held at tempera- 


ture in an induction heated tube furnace with 
graphite heater under a helium atmosphere. Tem- 
perature was measured with a calibrated Pt—Pt-Rh 
thermocouple 

The Cu,S-CuCl specimens were prepared from 


by prefusing in a graphite 
After the 


the ep grade compound 


crucible under a helium atmosphere. 


The phase diagram for the CusS-CuC! tem is thought to be a 


imple eutecth 


conductance measurements, the specimens were 
copper and sulfur by methods de 


publication. The specimens 


analyzed for 
cribed in a previou 
were analyzed for chlorine by an evolution method 
The powdered specimen is treated with dilute nitric 
acid in a closed system equipped with a reflux con- 
denser and a collecting flask containing AgNO, solu- 
tion to collect the HCI ga The AgCl pre- 
cipitate is filtered, dried, and weighed. The con- 
tents of the specimen flask are also filtered, and this 
filtrate is treated with AgNO, to recover any dis- 
olved chloride. As 
amount of desulfurization occurs in the course of 
the experiment, and some of the volatile CuCl is 
lost. However, the analyses show that the nominal 
indicated in Figs. 1 and 2 are correct 
the analyses for sul- 
previously 


evolved 


previously discussed, a small 


composition 
to within 5 pet. Inasmuch a 
fur are subject to some uncertainty as 
considered,'t it is deemed sufficient for the present 


1 The analyses for copper and iron are considered to be fairly 
precise These analyses are the important ones in the electrolysis 


work 


purposes of the conductance work to give only the 


nominal compositions 
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Conductance Results—-The assembled specific con- 
ductance data for molten Cu,S-CuCl 
given in Fig. 1. It is seen that the ionically con- 
ducting CuCl has a great effect in reducing the 
specific conductance of molten Cu.S. This effect i 
better demonstrated in the plot in Fig. 2, 
pecific conductance is plotted vs mol pct Cu,S at 
a typical temperature of 1200°C. It i een that 


pecif 


system are 


where 


mal] additions of CuCl greatly reduce the 
conductance of molten Cu,.S, and 50 mol pet of CuC] 
reduces the conductance from 77 to about 5 ohm 
cm This is close to the value’ for pure molten 
CuCl or, indeed, most ionically 
The points at compositions rich in CuCl were ob- 
tained by extrapolation from 
data taken at lower temperature 
volatility of CuCl is too great to permit measure- 
ment at 1200°C. Thi 
danger the interpretation of Fig. 2, since the 
conductance of CuCl-rich melts is so small 


conducting salt 


conductance 
because the 


pecific 


extrapolation does not en- 
pecific 


Electrolytic Cell Efficiency Measurements 

Experimental Procedure—Apparatus: The cur- 
rent efficiency of electrolysis ha 
either from the gain at the cathode or the lo 
of the apparatu 


been determined 
at the 
anode. The arrangement ure de- 
cribed as follows 

For the measurement of cathode gain, the ap- 
hown in Fig. 3. The cell consist 
with a smaller McDanel 
pace inside the latter i} 


paratus used 1 
of a graphite crucible 
crucible sitting inside. The 
the cathode compartment and the annular space be- 
tween is the anode compartment. Communication 
between these compartments i 
small hole located about 1 in 
of the apparatus. The inside of the 

crucible is painted with Alundum cement 
for an area of % x % in. 180° from the position 
facing the communication hole 
anode, The cathode is a graphite tube, one end 
closed, fitted closely on a quartz thermocouple well 
It is also painted with Alundum cement except for 
its bottom, about 0.5 cm’, which is the cathode sur- 
face. The cathode can be moved in and out of the 


made through a 
from the bottom 
graphite 


except 


which acts as the 


Current Efficiency 100 


© 80 : 
re) 
: 
a ' 
2 of 
E 60 60 © 
T > 
> 
240) (40 
8 5 
3 
20} A ‘20 
| Specific Conductance 
0 20 40 60 80 100 


Mole % 


Fig. 2—Current efficiency and specific conductance curves 
for various compositions of Cu.$-CuC! mixtures are plotted 
Crosses represent current efficiency deduced from anode 
loss; circles, current efficiency deduced from cathode gain 
extrapolated to zero ionic current 
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1604 
n / 
140} 
170} 
| 
100 
t | 
| 
‘ 
: 


Monometer 


(10% There Quartz Jaoctet 


Graphite Heating Element 


Fire Brick Stopper 
Geaphite Catrode 
McDore rucibie 
Jpper Sheid, Graphite 


Graphite Anode Hele 
Graphite nside 
Painted With Alundsn 
Cement except At 
The Anode 


Molter ulfide 


Lower Shield 


Fig. 3—Schematic diagram illustrates cell for measuring 
cathode gain 


molten sulfide through a Wilson seal at the top of 
the apparatus. The cell i 
shields at both the top and bottom, and sits inside 
a long graphite heater. This a 
form 
stirring in the cell. It i 
jacket containing 
Temperature of the celi | 


urrounded with graphite 


embly provides uni- 


temperature, and insures against induction 
urrounded by a quartz 
argon as a protecting atmosphere 
Pt-10 


To minimize any convection 


measured with a Pt 
pet Rh thermocouple 
in the electrolyte 
cell is adjusted so that the top of the graphite cru- 
cible is about 10°C hotter than the bottom. The 
temperature of the electrolyte is maintained man- 
ually to within «10°C during the run 

In the case of the 
olid coppet 


the temperature gradient of the 


electrolysis of CuCl where a 


anode is used, the same arrangement 


hown in Fig. 3 is used, except that the graphite 
crucible now acts as the cathode and the graphite 
tube attached to the quartz thermocouple well 1 
replaced by a piece of solid copper. A resistance 
furnace is used instead of high frequency induction 
heating 
For the measurement of anode | the a 

hown in Fig. 4 is used. Its ope 


explanator \ 


ment ration 1} 
Procedures: The experimental procedures con 
of the following step 
1) Prefusion of the Sample—The Cu,S, CuS, and 
CuCl used are of chemically pure grade and in the 
form of fine powder. The FeS used 
grade and in the form of 


of technical 
mall lumps. The Cu,S i 
prefused in a graphite crucible in a static dry 
atmosphere at 1250 C for 1 hi 
mall After 
beads, the prefused ma 
81.5 pet Cu. Further he 
dition 


arpon 
then crushed to 
plece removing the visible copper 
found to contain 80.3 to 

inder the ame con 
produces little change in composition The 
prefused in Pyrex glass tubes at 500°C in 
ary ars 
copper. The product is yellowish-white and con 
tains 64.4 pet Cu. The FeS is pref ame 
way as Cu.S, and the product contains 64.3 Fe 


on atmosphere in the presence of 
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Cu.S samples containing 15 wt pet CuS or 5.9 to 
46.4 mol pet CuCl are 
of the ing 


made by mixing the calcu- 


redient melting them in a 
1 rgon atmosphere, and maintaining them 
for hr at 1150 C for homogenization 
2) Blank Run—In the electrolysis, all of the ob 

erved cathode gain or anode lo may not be due to 
the electrochemical reactions at the electrode 
Thermal decomposition of the electrolyte, the non- 
due to the differ- 
volatility, and the dissolution of the 


electrolyte may also contribute to 


equivalent loss of its component 
ence in thet 
electrodes in the 
the change at the electrode A blank run without 
current is therefore made for the same period of 
used in the 
electrolysi The results are used for the correction 


electrodes in the 


time and under the same conditions a 


of the changes observed at the 
electrolysi 
with the 


evacuated and 


$) Electrolysi The cell is charged 
desired electrolyte, 
flushed a few time 
trolyte | 


phere and brought to the de 


and the system 1 


with dry argon ga The elec- 
then melted in a static dry argon atmo 

ired temperature. For 
the measurement of the cathode gain, the graphite 
electrolyte 


current has 


cathode 1 lowered into the molten 
After the 
been passed, a 
the cell is cooled down quickly, and the contents of 
the two The 


composition of the electrolyte near the communica 


predetermined amount of 


measured with a copper coulometer, 
analyzed 


electrode compartment 


tion hole between the two compartment is also 
analyzed to make sure that no mixing of the con 
tents of the two compartments has occurred during 
the electrolysi To measure the anode loss, the 
are followed except that it is the 
lowered into the electrolyte. After 


lifted out of the elec- 


ame procedure 
anode which i 


the electrolysis, the anode } 


+ 
Piceine Seal 


Thermocouple Well 


lo To 


Monometer Pump or Argon 


Quartz Tube 


Quertz Tube 


Graphite Shield 


Quartz Anode 
Cell 


Liquid Copper 
(Anode) 


Cruatie 
(Cathode ) 


Graphite Sheld 


Fig 4 
liquid copper anode is illustrated 


Schematic arrangement for measuring anode loss using 
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* To argon 
ar 
9 
on - 
wis Sea 
To oh 
ry 
T Rotary 
Mect Pur 
‘ 
Anode Lead Wre 4 thode eod Wire (M 
a 
j 
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i} 
“4+ 
Mo wire 
( 
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Table |. Current Efficiency in Electrolyzing 


Time of 
Tempers Electrolysis Current, 
Sample ture, °C Min Amp 


Cus 
60.3 pet Cu 1250 127 
2 


Cu + 50 wt pet Fes 
40 6 pet Cu, 31 4 pet Fe 


ce Cut higt olatile ome of the CuCl in the mixture i 


Weight of 
Cathode 


Part,G Copper 


mt during the run 


jes at the given 


it me tie md that at the end of the Dbiank rur 
i Current efficier obtained by extrapolating the current efficienc 
srrent equa the total current times the corresponding current efficiency 


After Blank 
Run 


Iron 


Copper Content of Cathode Part, Pet 


After 


Electroy isis 


Copper 


Iron 


Molten Cu.S with Various Additions Deduced from Cathode Gain" 


Current 
Efficiency, 
Pet 


trolyte and cooled. The anode is separated as com- 
pletely as possible from the attached electrolyte 
weighed, and both the metal and the attached elec- 
trolyte are analyzed 

4) Calculation of the Current Efficiency—-To 
calculate the current efficiency from the cathode 
gain, the following method is used: Suppose the 
material in the cathode compartment after the elec- 
trolysis weighs w, g and consists of u g Cu de- 
posited at the cathode and (u w..) g of electro- 
lyte. If analysis after electrolysi hows that thi 
material contains a wt pet Cu while the result of the 
blank run is a’ pet, then (u w,,) a’/100 is the 
copper content of the electrolyte and (u Wey) 
a /100 + we, is the total copper content of this mate- 
rial after electrolysi The latter divided by w, | 
equal to a/100, the weight fraction of copper in the 
cathode section after electrolysis, Le 


(u 2/100 + w, 
a/100 [2] 
u 
w, (a a) 
or wu and the current efficiency 
(100 a’) 
(a a 


where Q is the amount of cur- 
a’ )QM 

rent passed through the electrolyte in Faradays, and 
M,.,, is the equivalent weight of Cu’, assuming none 
of the current is carried by Cu To calculate the 
current efficiency from the anode loss, the change in 
weight of the anode due to electrolysis is divided 
by the amount of current pa ed in Faradays and 
the equivalent weight of Cu 


Electrolytic Cell Efficiency Measurements 


Experimental Results—The results obtained are 


hown in Tables I and II, which can be summarized 


as follow 
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1) 
indicate that 


pet k 


amount of 
is beyond the 
about the order of 1 or 2 pet 


2) 


‘eS conduct 


exclusively 


conduction 


sensitivity of thi 


by 
in these 


Results obtained from cathode gain, Table I, 
molten Cu.S, FeS, and Cu,S + 50 wt 


electron The 


melts, if any, 
method, which 1 


Addition of 15 wt pet CuS to Cu,S introduces 


a small amount of 
melt as shown by the result 


Main, 


Table I 
of CuS to Cu,S at high temperature 


electrolysis, 


pet, to the 


obtained from cathode 


However, owing to the 


of CuS with deposited coppe! 


value can only 


be 


considered as 


dec omposition 


and the reaction 


form 
lowe! 


Cu.S, this 
limit. At- 


the current 


tempts have been made to determine 
Table ti. Current Efficiency in Electrolyzing Mixtures of Cu,S 
CuCl and Pure CuCl Deduced from Anode Loss* 
Net 
Time of Copper 
Tem Loss Current 
per- troly Cur at Em 
ature, sis rent, Anode clency 
Sample ‘ Min Amp G Pet 
Cus Cull 
13.1 mol pet CuCl 1100°¢ 20 0.20 0 088 5.4 3.7 
1100°C 20 1.00 0415 2.1 
Cus 
24.4 mol pet CuCl 1100°¢ 20 0.20 0.132 43.0 82.1 
1100°¢ 20 100 0 645 812 
Cus CuCl 
40.3 mol pet CuCl 1100°¢ 20 0.20 0.148 93.3 42 
1100°¢ 20 1.00 0.756 95.1 
Cucl 25 0.25 0.254 102 
025 0 307 103 
00" 025 0.302 102 


of the it 
run. See preceding 
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— 
5.25 452 60.8 80.7 0 
125 6 50 473 os 0 
2% 150 6.20 5.12 402 1.7 40.7 {2.0 
Fes 
* 64.4 pet Fe 1250 132 6.10 44) 64.7 648 0 
+15 wt pet Cus 
: 78.1 pet Cu Oo 127 470 492 79.8 80.5 07 
140 125 475 79.5 80.6 1.1 
1180 145 1 5.10 79.7 80.9 11 
+ Cul 
5.9 mol pet Cut 1100 60 1.50 4.70 79.9 41 27.7 
0.50 5.22 799 61.7 9 
0.20 4.75 799 80.8 46 
Cu8 + 
te 19.6 mol pet 1100 40 1.50 451 78.6 63.1 
0.50 474 76.6 80.5 
0.30 5.42 76.6 79.7 if 
67% 
Cut 
mol pet Cucl 100 60 1.50 4.95 77.5 86.5 5 
0.50 5.60 77.5 80.9 69.1 
0.20 77.5 79.1 76 ¢ 
Cus 
#14 mol pet Cut! 100 0 1.50 4.10 75.1 #14 72 
050 52 75.1 773 82.5 
0.30 75.1 76.7 87.3 
95% 
* The tl te brite 
Pd The composition given is the mea slue of the 
* For Cus Cut mixtures, the anode quid copper rea 
mode ‘ i copper irea. en and the cathode phite 
mean composition and final cor 
position of the blank t footnote 


efficiency from the 
Howeve 
in the melt and the liquid copper anodes 
the weight lo l the blank run ! comparable to 
the total weight loss in the electrolysis run, For ex- 
ample, 20 min electrolysis at 3 amp (liquid coppe! 
anode area 0.3. em‘) and 1100°C produces an anode 
loss of 0.704 g Cu, and the corresponding blank run 
a loss of 0.612 g Cu. The accuracy 
therefore, very poor, and the results not strictly re 


weight loss of lquid coppe 
anode because of the rapid reaction be- 


tween Cu 


involves 


However, in all of the measurement 
than 10 pet 

3) Current efficienci measured by both the 
cathode gain and the anode lo Tables I and Il 
how that the addition of a small amount of CuCl 


producible 
made, the current efficiency was le 


to CuS produce a large amount of electroly 

in the melt, and that the mixture becomes almost 
a pure ionic conductor at a CuCl concentration 
equal to 50 mol pet. For a given CuCl concentra- 
tion, the current efficiencies deduced from anode 
weight lo are independent of the anode current 
density, 0.7 to 3.3 amp per cm‘. See Table Il. How 
ever, the current efficiencies deduced from cathode 
gain decrease with the increase of the current 
density. See Table I. If the results are extrapolated 
to zero ionic current, the values of current efficiency 
obtained for different CuCl concentrations are found 
to fit fairly well the same current efficiency vs CuCl 
concentration curve as the current efficiencies de 
duced from anode lo This agreement gives con 
iderable weight to the data. The curve | 
Fig. 2 together with the 


CuCl concentration curve 


hown in 


pecific conductance 1 


The decrease of the cathode current efficiency 
with the increase of current density is probably 
caused by the development of concentration pola 
ization at the anode at high current densities owing 
to the large size of the Cl and the S and, therefore, 
the slow rate of replenishment of the Cl and/or 
the S lost at the anode 


tion developed favor 


The concentration polariza 
the conductance of electron 
decreasing the current efficiency 

4) Result obtained from anode weight lo 
indicate that molten CuCl, 450 to 500 C how 
cell efficiency of 100 pet with, ¢ 
ponent of electronic conduction. It is obviously an 


entially, no com 


ionic conductor 


Discussion of Results 
It 1 evident from these data that addition of 
chloride ion destroys the electronic conduction of 
the molten Cu.S. Since the partial conductance of 
each conducting species in a system ts directly pro 
portional to its number and its mobility, the ob 
indicate that the added CuCl must 


number and/o: 


erved fact 
have caused a decrease in the 

mobility of the conducting electrons, and probably 
an increase in the number and/or mobility of the 
conducting ions ! these melt Considering the 
apparently 
duction by chloride addition, it seems lkely that 


to lowe! 


complete destruction of electronic con 
the effect on conduction not entirely due 


of electronic mobility through simple scattering 


the conductance electron by chloride ion 
fact, the plot of electronic resistivity vs CuCl 


concentration given in Fig » dor how that the 


flexion ] Oppo ite in ign to that found for imple 
Further, the electron 


conductance of molten Cu.S-CuCl dos not follow 


cattering in olid alloy 
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ions and renders the 


long range order in the 
comparable theory has been established for the 


liquid 


band electrons in molten Cu.S. It 1 
trinsic semiconductor. Thi 


Cus exhi 


two principal types of compositional 
observed in molten binary alloy rule 
as in molten Sn-Pb;* or a catenary 


Fes f ile f ture elationshis 


as in molten Na-K,” and in many solid, 
omorphous binary alloy 


Tentatively, the view taken that the structure 


of molten CuS consists of a solution of Cu’ and 5 
ions, with the S ton bound together by weak cova 
lent bonds into a loose network. It is thought that 
these weak covalent bonds are the ource of the 


emiconduction in molten Cu.S as explained in the 


following. It is believed that addition of chloride ion 
destroy the weak covalent bond 


between sulfide 
tem entirely 
Electrical phenomena are well explained in the 


e of solids by the band approximation,” which 


Form Typical_of Certain Sold 
and Molten’? Alloys 


40 50 60 70 100 
N, Mole % CuCl 


Fig 5—Graph plots electronic resistivity vs mol pet CuCl in 
CuS molten at 1200°C 


because it assume 
Although no 


difficult to extend to liquid 
tructure 


tute it 1 instructive to interpret the elec 

rical behavior of molten Cu.S in terms of energy 
diagram Fig. 6 gives the proposed diagram 
the ener, levels of valence and conduction 


een in Fig. 64 


that stoichiometric Cu.S is represented as an in 


implifying assumption 
made | of the fact that stoichiometric solid 


emiconduction at room tem 


perature 


Upon heating, some electrons are raised by the 


mal energy from the valence band acro the gap 


forbidden zone to the conduction band, and serve 
the electronic conduction. Fig. 6b repre 

of slightly desulfurized Cu,S 

pecimen copper atoms act as electron 
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either of the 
aepe 
of mixture 
be 
0.55 
a7 
AS 
04 
> 
| 
2 0.25 
4" 
0.2C 
20 
0.10 
1.03 
a 
20 
of 
In | p-type 
§ This tan wu biguous argument ag ple scattering 
the ine f ‘ ‘ ‘ ‘ tuct ‘ ‘ the t 
te effect ght be entire lifferent tl ‘ 
| 


low | 
4 
| 
(A) STOICHIOMETRIC (B) Cu~RICH 
‘ 
- ware 
Gant r 4 
4 VALENCE Gane 
| 
(C) S- RICH (0) CuCl 


Fig. 6—Proposed energy level diagrams are shown for elec 
trons in molten sulfides and $-Cl mixtures 


donors and establish a discontinuous, occupied im- 
forbidden zone. Because less 


upplhied to elevate these 


purity level in the 
thermal energy must be 
into the conduction band, they contribute 
4 component of n-type semiconduction which ts 
additive to the However, if 
the copper donor level is in the lower portion of the 
forbidden it would not conduction 


electron 


intrinsic semiconduction 


zone, enhance 
appreciably 

ents the expected situation in sulfur- 
The exes ulfur atom 
tablishing a discontinuous, un- 


Fig. 6c repre 
rich 


electron acceptors, 


pecimen act a 
occupied impurity level in the lower portion of the 
Electrons from the valence band are 
promoted to these impurity levels, leaving mobile, 
in the valence band, thus contributing 


forbidden zone 


positive hole 
a component of p-type semiconduction 

As CuCl is added to the Cu,S, the band structure 
of the liquid is radically changed. Fig. 6d gives the 
typical ionic band structure resulting from addition 
of sufficient CuCl to the Cus 
tween filled and unfilled bands | 


The energy gap be- 
too great to permit 
emiconduction 

It must be pointed out that although the result 
fail to show the existence of tonic conduction in 
molten Cu.S, Cu,S + 50 wt pet FeS, and FeS, they 
do not exclude the possibility of some ionic char- 


acter in these materials. In fact, as pointed out by 
Jost.” there exists no sharp boundary between ionic 
and electronic conductors. The observed results de- 
pend on the sensitivity of the experime ntal methods 
and the relative magnitude of the partial conduct- 
ance by electrons and by ion Most measurements 
of the diffusion coefficients in liquids are of the 
order of 10° cm’ per sec. Assuming the validity of 
the Einstein-Nernst equation and all the migration 
to be ionic, it can be shown that the upper limit 
of the partial ionic conductance corresponding to a 
diffusivity of the order of 10° cm’ per sec 1s of the 
order of 1 ohm’ cm If that is the case with the 
melts in this work, then for Cu,S at 1250°C (e 
80 and FeS at 1250°C (e 1500 ohm 
cm‘), the partial ionic conductances are about 1 pet 
and 0.1 pet, respectively, putting them on or below 
the borderline of the sensitivity of the methods used 
here 

More critical experiments are required to test and 
evaluate these It should be 
remembered that the sulfide systems under discus- 
ion were somewhat desulfurized. Systems having 
the stoichiometric ratio of copper or iron to sulfur 
omewhat differently 


ideas quantitatively 


might behave 
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Strain Aging of AISI 4340 


by H. W. Paxton and C. C. Busby 


low carbon martensites, especially the yield-tensile 
ratio, without seriously affecting the ductility. In 
view of interest in high strength steels, an investi- 
gation has been made of the effect of strain aging 
following tension or rolling on the ten 
of AISI 4340 in an attempt to obtain a 


ile propertie 
tensile 


TRANSACTIONS AIME 


strength of 260,000 psi with a yield-tensile ratio of 
about 0.95 

After a preliminary investigation, % in. sq blanks 
were cut longitudinally from a commercial 7 in. sq 
billet of AISI 4340. These were normalized after 1 
hr at 1650°F in a controlled atmosphere 

The tensile specimens were then rough machined 
to 1/16 in. oversize. These oversize specimens were 
fully quenched in oil after they had been austenit- 
ized for 1 hr at 1550 °F, tempered for 1 hr at 600° F 
(giving Re 46 to 48), and machined to final shape 
(0.252 in. diam with a 1 in. gage length). Specimen 
blanks and tempered 


were 


for rolling were quenched a 

The early parts of the stress-strain curve 
automatically recorded to give 0.01, 0.1, and 0.2 pct 
yield strengths. Only 0.1 pet yield strengths are 
recorded here. Some trouble was experienced with 
extensometer slippage on these hard materials. This 
appears to be a general problem 

Strain was introduced prior to aging by one of 
two methods. Extensions up to 3 pet were produced 
in simple tension, or a reduction in thickne of 1 
pet of a quenched and tempered blank was obtained 
Following the tensile strain, the speci- 
mens were aged for 1, 2, 4, and 8 hr at 212°, 302 
392 , and 572° F. The rolled specimen 
for 8 hr at 212° or 15 hr at 392°F before final ma- 
chining of the specimen 

Fig. 1 shows diagrammatically the 
proce Curve I is for the unaged material 
II shows the tre 
stressed to Y 

In the quenched and tempered condition, the 
properties were: T,, tensile strength of 252,000 psi 
Y,, yield strength (0.1 pet) of 219,000 psi; 13 pet 
elongation; and 44 pet reduction in area 

The results of the viven a tensile pre 
ummarized in Fig. 2. The lower curve 


by rolling 


were heated 


train-aging 
curve 
-strain curve of a material pre 
giving a strain of «, before aging 


pecimen 


train are 


Ep STRAIN 


Fig. |—Diagrammatic representation of strain aging process 
used 


TRANSACTIONS AIME 


2 
EXTENSION (%) 
Fig. 2—Dots on upper curve are T,, representing tensile 
strength after prestrain «,, shown on abscissa. Y,. are not 
shown because of large scatter. Dots on lower curve are Y, 
for various «,, giving an average stress-strain curve for 
the material 


is the stre train curve for the unaged material 
The upper band gives the tensile strengths afte 
prestraining the amount indicated on the abscissa 
followed by aging. No effect of time and tempera 
ture of aging was observed except at 212 F for time 
of 2 hr and le Here the full amount of aging had 
not occurred 

Fig. 2 does not show the scatter in yield-tensile 
ratio caused by variations in Y,. The value of thi 
ratio varied from 0.93 to 1.00 in the experiment 
conducted. The higher figure may be of doubtful 
value in practice, although adequate ductility is still 
present (elongation of 9 to 12 pet and about 40 pet 
reduction in area) 

Results on deformed by rolling were 
much more reproducible. After 15 hr at 392°F, the 
much more consistent in the 
imilar to the 
satisfactory 


pecimen 


vield-tensile ratio wa 
range 0.93 to 0.96, with ductility 
foregoing figures. Thi to be a 
method of achieving the previously stated goal 
Further work is proceeding to investigate more fully 
the effects of rolling 
Attempts to interpret the 
aging from theoretical consideration 


appeal 


ource of the strain 
have not yet 


proved fruitful 
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Effect of Carbon on Some Properties 
of Ti-Mo Alloys 


The influence of carbon on tensile strength, tensile ductility, transformation kinetics, 
and grain growth characteristics of selected Ti-Mo base alloys was studied. No system- 
atic influence of carbon in tensile strength or significant deleterious effect on tensile 
ductility was observed. There was a marked increase in transformation rate due to carbon 
Dispersed carbides exert a marked inhibiting effect on grain boundary migration, and 
thus effectively prevent grain coarsening during solution treatment in the 4 phase field. 


by D. W. Levinson, W. Rostoker, and A. Yamamoto 


A” part of a research program directed toward 
the illumination of factors governing modes of 
transformation, transformation kinetics, and me 
chanical properties obtainable through these tran 
formations by heat treatment, Ti-Mo base alloy 


wer elected for study The binary system 1s a 


characteristic phase diagram type which has been 
tudied in some detail in relation to transforma 
tion kinetics and mechanical properts 

Although carbon bearing alloys have acquired a 


bad reputation, the possibilities of melting titanium 


under condition which occasion some carbon pi k 
up are very attractive. It} 
able importance to know whether carbon, present 
actually deleteriou 


therefore of consider 


“a a peor ed carbide pha =, 
vhen all other detrimental factors are minimized 


tasic alloy compositions containing nominally 3 
» 7, and 11 pet Mo were prepared with systemati 
carbon addition up to 1 pet by Various of 
ubjected to a seri of critical 


to delineate the effect of 


weight 
these alloys were 
and definitive experiment 
carbon on the transformation behavior and asso 


ciated mechanical properti 


Experimental Procedure 
Alloys were prepared from 115 Bhn magnesium 
reduced sponge titanium. This sponge analyzed ap 
D W. LEVINSON and W. ROSTOKER, Junior Member AIME, are 
Research Metallurgist and Supervisor, respectively, Physical Metal 
lurgy Research, Armour Research Foundation A YAMAMOTO, 


Junior Member AIME, is Associate Metallurgist, Armour Research 
Foundation, Chicago 

TP 4090E 
October 1955 


Manuscript, Apr 15, 1955 Philadelphia Meeting, 


Ti-Mo and Ti-C maste! 


proximately 0.05 pet 


alloys were made by arc-melting the sponge with 
high purity (99.9 pet) molybdenum and spectro- 
copic grade graphite, respectively. Alloys were 
then prepared from the master alloys and spongt 


by double are-melting. One kg ingots were prepared 
electrode furnace 


to % In rod 


by melting in a nonconsumable 
These ingot were forged at 1000 C 
and cleaned and processed into electrodes for the 
melting operation. The final 
urface defects, then forged again 
to test 


econd ingot were 


ound to remove 
to % in. or % in. diam rods for processing 
ignificant that all of the alloy at 
all carbon levels forged satisfactorily. For conven- 
ience, the alloys will be referred to throughout the 


ample It | 


text by their nominal analyse 
Samples for the study of transformation rate 

were prepared from % in. diam round stock. They 
were then solution treated in a helium filled tube 
furnace at 1000°C for 30 min prior to the isothermal 
transformation treatments in lead bath furnace 
Temperature control in both cases was within *3°C 
Following the isothermal transformation treatment 
the samples were These 
ments were carried out before the general adoption 


water quenched experl- 


of the resistometric procedure for kinetu tude 
The data were therefore obtained entirely by metal 
lographic analysis. M, temperature was also deter- 


mined by the metallographic method 
Shoulder-type tensile test piece 
from heat treated, ™% in. diam slugs to provide a 
0.252 in. test diam and a 1 in. gage length. The 
isothermal-type heat treatments were chosen from 
three levels of strength 


were machined 


previou data’ to provide 


ind ductility 


x TRANSFORMATION PEGINS 
TRANSFORMATION ESSENTIALLY COMPLETE 


800) 


Fig 1—TTT curve for Ti 5.16 


pct Mo alloy is plotted 


TEMPERATURE 
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RE 


Fig. 2—TTT curve for Ti-5.21 
Mo-0.46 pct C alloy is plotted 


TEMPERATL 
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+ + CARBIDE 
x Bea REACTION PROCEEDING | 
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The grain growth studies were carried out on 
dish approximately ‘4 in. thick cut from %% in 
round stock. The heat treatments for these studie 
were carried out in evacuated Vycor bulbs at tem- 
peratures in the @ field ranging between 800° and 
1200 C for times up to 24 hr. These sampl too, 
were water quenched from the temperature of study 
Grain sizes were determined by lineal analysis of 
representative micrographs made at exactly X100 
The grain sizes reported are 8 grain size In spite 
of the fact that the more dilute alloys transform to 
« on quenching, the grain sizes of the parent £ 
phase could be easily inferred from the obviou 
disposition of the a’ colonies. These samples were 
electropolished for study It was found that the 
values reported could be reproduced within +10 pet 
by independent measurement of another print 


Effect of Carbon on the Transformation Kinetics 

The results of the metallographic study of 
formation rates of the and carbon- 
free Ti-5 pet Mo alloy the TTT 
of Figs. 1 and 2 
the TTT curve for 
how the range 


of 
of the re jection 
pread between data point 


tran 
carbon bearing 


are summarized in 
curve 
Fig. | alloys, 
the be- 
by the 


repre 


the carbon-free 
uncertainty concerning 
of a, as de 
The open circle 
which 


evident 


ginning ignated 


ent transformation times beyond no signifi 


microstructure wa 
about 


Mo-C 


cant change 
Little } 
ternary \ 


in 
known 
tem Ti 


re lation hip 
of the Ti-5 


pha 


Examination 


Table |. Tensile Properties of Ti-3 Pct Mo Alloys with 


Carbon Additions 


Reduction 
t timate in 
Area 
Pet 


Fler 


tien 


Heat 
Treatment 


Alley 


a+ + + CARBIDE 


10 


pet Mo-0.5 pet C alloy showed fine nodular carbide 
uniformly dispersed in a matrix of either 8 or B 4 
transformation product depending on the heat 
treatment. In all case it appeared as though the 
carbide took no part in any of the solid state re 
action So far as can be discerned metallograph 
ically, the isothermal decomposition characteristic 
Table I! Tensile Properties of Ti-7 Pct Mo Alloys with 
Carbon Additions 
Reduction 4 
Heat blenga 
Alloy Treatment tion, Pet 
1000"¢ 
ter quenched 115.400 713 m0 
I 10-0 115,400 “3 
994 00 13.7 12.0 
ri 0 ) 
I 0 
t quenched 104,400 240 
ter quenched 07 400 wo 220 
Ti-7 02Mo-0 32¢ 114.100 04 mo 
9Mo-0 67¢ 115.200 209 100 
Ti-6 119.000 43 M40 
ri-7 07M 0 n 
iter quenched 165,800 46 40 
ri-7 07M 60 
ter que hed 169, 800 100 
T 4 71 37 a0 
T 7 uN 171.400 70 
ri-6 49 164,100 14 
Table tll Tensile Properties of Ti-11 Pet Mo Alloys with 


Alley 


Carbon Additions 


Keduction 


itimate in 
Strength Arca 
Treatment tien, Pet 


i 


water quenched 121,000 217 
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par 
Ti-5Mo-0 5C 
| 
| 
+ + 
= 
800 + + x x x 
| | 
ae 
x x x Oo 
oO 
| 
= i 100 
TIME MINUTES 
: 
r-10 17M 1000°C, 
0 
I iMo-0 25 129,200 25.7 10.0 
10 26M 24.400 167 40 
I 1 65Mo-0 42¢ $5,200 li ¢ 
ri-3 06M 00°C, 30 mir ene 
ter quenched 116.800 145 a0 ri-10 90M one 127 600 a4 
T | 406 142.000 15.1 “af 
ri-3 33M 132 000 7 a0 ri-10 17M 1000°C. 3 
27Mo-0 60 125,000 ter quenched 5.200 40 
\ri-3 33Mo-0 73% 135.200 165 T 20Mo-0 600°C. 15 
‘ 1 water quenched 194,004 tA 16 
ri-3. 06M 1000" ri-10 54Mo-0 ‘ 61,008 65 
wate que hed 92 300 10 I 10 26M 31¢ 43000 243 
A er que ed 101,800 29 1 Ti-} 143.008 “6 
: M 106.206 4a 220 9OMo-1 One 0 
ri-3.33M 112.20 214 ri-10 17M 000°C. 30 
water quenched 189,406 10 
water quenched 107.200 442 220 water quenched a 
T 0 40 T 4M 25 OOF y 
a sate hed 107.300 21.7 17 ¢ 26M nae 404 + Ne 
T } 1 104,106 442 I ‘ 42¢ ‘ 
Ti-3.27M 60 104,40 22 4 52M 16.7 7 


are identical to the binary alloy with the same Fig. 3—Microstruc 
molybdenum content exce pt of course, for the car- ture shows Ti-5.21 
pct Mo-0.46 pct C 
alloy transformed at 
750°C for 30 sec 
Rejected « is not 
associated with car 
carbide/f 7 carbide boundary is not precise bide phase, but ap 
ly known, but appears to be about 675 C. Since it pears to be nucle 


bide particl which are always present in the 

ternary alloy 
On the TTT curve for the Ti-5 pet Mo-0.5 pet C al- 
Fig. 2, the upper equilibrium temperature for the 


location is uncertain, it was not shown on the chart ating normally, ie, 
Water quenched structure verified the existence of mostly in the grain 
only the £ and carbide phases at the 1000°C solu boundaries of the /s 
Specimen was etched 
with glycol-HF-HNO 
etch. X500. Area 
reduced approxi 
mately 30 pct for 
Table 1V. Average Grain Diameter, Mm, After Heat Treatment reproduction 
Indicated for Ti-3 Pct Mo Base Alloys 


tion treatment temperature 
A comparison of the TTT charts for the Ti-Mo 
and Ti-Mo-C alloy hows the strong accelerating 


in fact, well delineated by the first a to precipitate 
Temper Time, Carbon The occurrence of a subgrain structure was not 
weundidie a . marked in the case of the carbon addition studied 
here, nor in the case of carbon additions to Ti-Mn 
alloys.’ However, the grain size of the carbon-bear- 
ing and carbon-free Ti-Mo alloy studied here dif- 
fered very considerably. The carbides inhibited the 
normal grain coarsening tendency, and the acceler- 
ated decomposition is most probably at least partly 
caused by the higher nucleation probability asso- 
ciated with a larger relative grain boundary vol- 
ume. Though not conclusively demonstrated by 
these experiments, there is a good possibility that 
carbon in solid solution by itself also affects the 
influence on reaction rates imposed by the carbon transformation rate, since the M, temperature is 


addition, That this is not associated with nucleation lowered by approximately 50°C by the carbon addi- 

by the carbide particles can be appreciated by ex tion. This cannot be rationalized in terms of grain 

amination of Fig. 3. This micrograph shows the re ize 

jection of a beginning, mostly, in the 8 grain bound 

aries. The presence of the carbide phase indicate Mechanical Properties of Ti-Mo-C Alloys 

the # solid solution is saturated with carbon The data summarizing the experimental phase of 
The presence of different interstitial solutes (oxy- this work concerned with mechanical properties are 

ven and nitrogen) has been shown’ to accelerate the average valu of at least two tests, and are 

the decomposition of 8 titanium. As is pointed out, presented in Tables I, I], and III. Values obtained 

this effect is usually associated with a subgrain agreed, with two exceptions, within +10 pct of 
tructure, not evident in similar materials free of those reported. The heat treatments selected con- 

the interstitial solute. Thi ubgrain structure } titute essentially complete transformations In 
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Fig. 4—Tensile data for Ti-7 pet Mo base alloys are plotted Fig. 5—Data are plotted for 24 hr grain 
growth of Ti-1]1 pct Mo base alloys 
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order to illustrate the trends, the data for the Ti- 
7 pet Mo base alloys are plotted on Fig. 4 The point 


olid circle open cirele and triangle indicate 
particular heat treatments, as shown 
The Ti-7 pet Mo base alloys were selected, since 
I 


only in this case was a trend clearly evident. It is sig- 
nificant that the tendency for dispersed carbides to 
reduce tensile ductility mall and, like the effect 
on ultimate tensile strength, not well defined. Quite 
reasonable combinations of strength and ductility 


are maintained at even the highest carbon level 


Table V. Average Grain Diameter, Mm, After Heat Treatment 
Indicated for Ti-7 Pct Mo Base Alloys 


Nominal Carbon Content, Wt Pet 


Temper Time Carbon 
ature, Free 0.25 on 0.75 1.00 
BAO 1 0.18 0.08 009 004 004 
0.19 0.04 0.08 0 05 004 
: 0.14 004 0.06 004 004 
lf O20 0 08 004 
24 0.24 0.10 0.07 0.08 oOo 
0.22 0.14 0.10 009 004 
0.08 0.07 0.07 
f 041 0.10 0.1 0.12 0.04 
l¢ 0.42 0.11 0.12 0 00 
24 0.36 0.09 0 Of 00 00 
1040 l 0.42 0.10 011 009 0.09 
0.27 0.17 0.1 0.08 0.08 
0 oll 0 0.06 
16 0.38 014 0.09 008 
24 016 oOo 
1140 l 0.12 009 4 0.04 
0.54 019 0.09 On 0.08 
0.75 oll oll 0 OF 0.08 
24 0.49 02 01 0.09 010 


Grain Growth Characteristics of Ti-Mo-C Alloys 

The results of the grain size study are presented 
in Tables IV, V, and VI, and the data for the 24 hr 
heat treatment of the Ti-11 pet Mo base alloys are 
plotted in Fig. 5 


Table Vi. Average Grain Diameter, Mm, After Heat Treatment 
Indicated for Ti-11 Pct Mo Base Alloys 
Nominal Carbon Content, Wt Pet 
Temper Time Carbon 

800 0.04 04 0.04 0.06 
4 004 0 

‘ ( 4 ( ‘ 0 
24 7 0.06 

4 oe 0.04 
( ‘ 0.05 
lf 0 08 Ooh 
24 02 0.04 
900 ot on 0.06 
2 006 ‘ O4 
2¢ 6 07 0.04 
4 Og of 0.05 
950 ! 014 of 00 of 0.07 
17 7 0.06 
i 24 0.06 
2 0) Of 0.07 
29 7 009 
1000 ] 029 0 0.08 
0 22 0 Of 0 0.07 
‘ 009 0.08 
009 07 0.09 


of grain coarsening by the dis- 
Data for the 
are plotted in Fig. 5 as a band, 


inhibition 
persed carbides is very pronounced 
various carbon level 
ince there no clear cut dependence of the grain 
ize on carbon contents after these heat treatment 

All of the sample 
of dispersed 
boundary migration with the same order of magni- 


contained a large enough number! 


carbide particle to inhibit grain 


tude of effectivene Grain size maller by factor 


of from 5 to 10 are observed in most cases on the 
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composition range studied when comparing carbon- 
bearing to carbon-free alloy subjected to the same 
thermal cycle 
Summary 

The influence of carbon on the transformation 
kinetic mechanical properties, and grain growth 
characteristu of some Ti-Mo alloy was investi 
gated 

A marked acceleration of the rate of rejection of 
» from £8 on isothermal transformation was ob 
erved. This increase in rate 1 imilar to that ob 
erved for alloys of this type containing oxygen ot 
Because in the 
aturated with 


nitrogen in solid solution present 
alloy tudied the solid 
carbon, and the presence of the carbide pha e in 


contribu- 


olution wa 
hibited grain growth, the simultaneou 
tions of both the carbon in solution and the much 
finer grain size to increased transformation rates 
were observed 

No systematic effect of carbon on the ultimate 
tensile strength of the alloy tudied was observed 
In some instances, the ultimate tensile 
lower than for the 


trength of 
the carbon-containing alloy wa 
carbon-free alloy given the same heat treatment 
More frequently, the ultimate tensile strength of 
alloy would — be lightly 
were usually very small, In 


the carbon-containing 
The difference 
were differences of more than 20 pet ob 
ignificant that tensile 


higher 

no case 
erved It particularly 
ductility is not reduced to below usable levels by 


the presence of carbon at any carbon level in the 
range studied 

The heat treatments were not intended to evalu 
ate the entire range of obtainable in 
these alloys, but corresponded to different strength 
levels and good and poor tensile ductility in carbon 
Heat treatments were selected which 
complete transformation: 


propertie 


free material 
entially 
o that the change in transformation 


presence of carbon 


consisted of e 
This was done 
kinetic with the 
would not produce differently constituted test sam 
Since 
were adequate in 


ociated 
ples because of the particular times chosen 
isothermal transformation time 
all cases to transform the carbon-free composition 
no doubt that the more rap 
would be 


completely there wa 
idly transforming carbon-bearing alloy 
also completely tran formed 
Dispersed carbides exert a 
effect on the grain coarsening tendency of these al- 
loy olution treated in the @# field. Grain sizes 
factors of 5 to 10 are observed in even 
0.15 wt pet—alloy 
pared to the carbon-free composition 


marked inhibiting 


mallet by 
the lowest carbon tudied com- 


ubjected to 


the same thermal cycle 
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A Kinetic Study of the Leaching 
of Molybdenite 


A study of the rate of dissolution of molybdenite (MoS.) in alkaline solution 
was carried out under carefully controlled conditions. Effects of temperature, oxygen 
over-pressure, and KOH concentration were evaluated. Studies were made in the 
temperature range 100°C to 175°C and in the pressure range 0 to 700 psia of oxygen 
Under these conditions molybdenite was found to leach according to a linear mecha- 
nism. Both oxygen over-pressure and KOH concentration were found to control the 
rate of leaching. The mechanism has been explained in terms of adsorption of oxygen 
at the molybdenite surface followed by configurational rearrangement of the ad- 
sorbed molecules. The hydroxyl ion dependency is believed to be diffusion-controlled. 
Laboratory batch studies have shown that molybdenite can be readily dissolved in 


alkaline solutions under moderate conditions of temperature and pressure 


Com. 


mercial application of this process to the production of ferro-molybdenum and molyb- 
denum chemicals is promising in view of the ease of dissolution of molybdenite and 
the relatively noncorrosive conditions involved in the process. 


by William H. Dresher, Milton E. Wadsworth, and 
W. Martin Fassell, Jr 


| pews temperature-high pressure techniques 
have long been used to great advantage in the 
the petroleum industry, 


Only recently, however, 
been used to extract metals 


organic chemical industry 
and the 


have these 


industry 
method 
on a commercial scale. The Chemical 


papel 


from their ore 
Construction Corp., together with interested pro- 
nickel and cobalt, has done much to 
producing nickel and cobalt 


ducet of 
develop methods of 
powders by the use of high temperature-high pres 
ure techniques. The Howe Sound Co. is currently 
operating a plant near Salt Lake City in which the 
new Chemical Construction Corp. technique is ap- 
ulfide concentrates, In thi: 
concentrates are leached in a dilute 


pled to cobalt-arsent 
method the 
olution of sulfuric acid under air pressure at a 
high temperature. Near Edmonton, in Alberta, 
Canada, the Sherritt Gordon Co. is also using the 
new method in conjunction with its ammoniacal 
National Lead Co., at Fredricktown, 


imilar to that of Howe 


leach proce 
Mo ! 
Sound 

In spite of the rapid growth of high temperature- 
there 


operating a proce 


high pressure hydrometallurgical processes, 
has been very little work done on fundamental 


principles involved in this type of proce Conse- 
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quently the literature lacks any significant data in 
this field. Oxidation of pyrite, 


and recently molybdenite’® in alkaline 


phalerite,* galena, 
solutions has 
been reported to some extent 

This investigation was initiated, 
broaden the application of high temperature-high 
pressure hydrometallurgy and also to contribute 
of oxidation 


therefore, to 


ome insight into the basic mechanism 
in an aqueous medium under these condition In 
addition to the immediate consequences of these 
much valuable information remains to be 
when they are 


lightly 


proce 
learned about fundamental reaction 
carried out at temperatures and pressures 
higher than those normally encountered 

molybdenite by alkaline solutions 
ure has recently been reported 
atava,” who 


Leaching of 
under oxygen pre 
in the Russian literature by E. S. U 
found that leaching rate increased with an increase 
in the pH of the solution the strongest effects being 
observed at a pH of 10—and also with an increase 
ataya also has reported the form- 
ation of a protective film on the surface of the 
molybdenite when the leaching solution was weakly 
alkaline or acidic. He believes that this 
oxidation process explains the migration of Mo** in 
the oxidation zones of molybdenite ore deposits and 
the subsequent impoverishment of the ore 

Equipment: The high temperature-high pressure 
reaction unit used in this work was especially de- 
igned for kinetic studies of this nature, emphasis 
being placed on accuracy of measurement and pre- 
cision of control. As details of the unit's construction 
and operation have been discussed elsewhere,’ only 
basic features and principles of operation will be 
discussed at this point 


in temperature. U 


neutral 
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7 
4 - 


wel, OL VED. 


Fig. |—Typical rate curves 


1) Temperature of the solution within the auto- 


clave is constantly measured, recorded, and con- 


rolled 


2) Ga ure of the system is constantly 


regulated and indicated 


over-pre 


3) Provisions are made for lowering a sample 


into the reaction zone of the autoclave once thermal 


equilibrium has been attained 


4) A means | removal of liquid 


amples from the reaction zone of the autoclave 
during the course of the reaction without disrupting 


prov ided for 


operation of the unit 


Solubility of oxygen in variou concentrations of 


olutions used in this experiment was measured in 
equipment adapted from that de cribed by Frolich 
et al and by Ipatie fT and Monroe The oxyven 
olution from the autoclave was admitted 


means of: a 


aturated 
to the gas-measuring equipment by 
water-cooled capillary tube. A vacuum-tight con- 
nection was made between the capillary tube and 
the flash chamber of the ga 
The liquid wa measured by a 
water jacket 


measuring equipment 
tandard 100-m! 
capacity burette encased in 4 and the 
volume of gas was measured in a Fisher precision 
gas burette 

were made in an Autoclave 
heated autoclave. A 


Northrup type C Micromax controller 


Be nch 
Enginee! 
Leeds and 


electrically 


was used to control temperature of the solution 
within the autoclave 
Procedure: 


tudy wa 


Molybdenum ulfide 
Molysulfide lubricant 


manufactured by 


Experimental 
used in the kineti« 
Grade 2, a commercial product 

Molybdenum Co. The MoS, content of thi 
better than 99 pet. A less pure 
obtained from the Kennecott Cop- 
per Co., was used for the bench cale tests. Thi 
ial contained approximately 89 pet MosS,, the 


material wa grade 


of molybdenite 


mate! 
gangue material 


0.650 in 


remainder being a siliceou 
Solid molybdenite 


0.085 In 


ample diam and 
approximately thick 
pressing the powdered molybdenite (97 pet 100 
die at a pre ire of approxi- 
mately These 


91 to 92 pet of theoretical density of ma 


were prepared by 


mesh) in a Carboloy 


85 tons per sq in amples varied from 
ive molyb- 
denite. The geometru irface area of the molyb- 
} from micrometer meas- 
After 


molybdenite disks wet! pressed by 


ample holder and mounted in the auto- 


denit disk was calcula 


rement f the preparation, the 


hand into an 


Inc one! 
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clave plate-like samples were u ed in these 
tudies in order to maintain the 
area essentially constant during the course of the 
run. Rate curves for the dissolution of MoS powder 
were found to deviate from linearity because of the 
urface arei the reaction 


geometri« urface 


large variation in 

progressed 
Molvbdenum content of the leach 

determined 


olution, meas- 
ured at periodic intervals, wa pectro- 
phenylhydrazine 


Beckman 


photometrically from 4a hydro 


chloride-molybdenum complex by a 
Model DU quartz spectrophotometer, The method 
of analysis followed that developed by Ayre and 
Tufftly 

Measurement of oxyeen 
were made with the equipment previously 
Since a relatively large volume of olu- 
tion wa olubility measurement 
it was not possible to measure solubility 
rently with molybdenum concentration, When a ol 
olution within 


olubility in the leach 
olution 
dese ribed 


required for each 
concul 


ubility measurement was made, the 
brought to the desired tempera 
increa ed in 


the autoclave wa 
ture and the oxygen over-pressure wa 
increments of 100 to 200 psi. A measurement of the 
olved in 50 ml of the leach 
olution wa Bach 
measurement consisted of a reading of the volume 
of the temperature of the ga 


amount of oxygen di 
determined for each increment 


of both liquid and ga 
in the burette, and of the atmospheri 
Results of these measurements were expressed in 
oxygen per liter of Solubility 
were made for all temperatures and 


mol of olution 
measurement 
KOH concentration 

Batch studi 
ried out in the Autoclave Engineers | 
In this series of studies, potassium hydroxide solu 
tion and powdered molybdenite were charged to the 


used in the leaching 


on leaching molybdenite were cal 


val autoclave 


CTION RATE, mg/em - min 


RE 


PRESSURE, peo 
Effect of oxygen over pressure on rate of leaching 


Fig 2 
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Fig. 3—Effect of KOH concentration on rate of leaching 


autoclave, which was evacuated and allowed to 
come to operating temperature without agitation 
Oxygen was admitted to the autoclave to the desired 
working pre tarted. Samples of 
the solution were withdrawn at intervals by mean 
of a capillary tube. Due to the high molybdenum 
concentration of the solution the progress of the re- 
followed by titrating the KOH remain- 
olution rather than by the colorimetric 
used in the kinetic study 


ure and agitation 


action wa 
ing in the 
method of analysi 

Experimental Results: The reaction rate data con- 
of the rate of formation of 
conditions of leaching 


isted of measurement 
VooO, under the variou: 
Results to be described are based on the leaching of 
more than 65 of molybdenite in potassium 
hydroxide solution under oxygen partial pressure of 
0 to 700 psia and at temperatures from 100°C to 
175°C. As shown in Fig. 1, molybdenite was found 
to leach according to a linear mechanism unde 
nearly all condition When relatively 
high rates of reaction were involved, as in runs at 
175 C or higher, deviation from linearity was ob- 
served, This deviation was found to be due to dis- 
integration of the pressed samples and a subsequent 
increase in effective surface area 


ample 


investigated 


Table |. Bench Scale Tests of Molybdenite Leaching 


Oxyaece Tempera Time te 05 Pet 
Vressure ture Katie Completion, 
Peta Min 


studied in determining 
speed of agitation, 


Four variables were 
kinetics of the leaching reaction 
KOH concentration, temperature, and oxygen over- 
pressure, Rate of the reaction was grossly affected 
by speed of agitation below approximately 500 rpm 
Above thi: 
tively stable until cavitation occurred at about 1000 


peed, however, reaction rate was rela- 
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sample disk was no longer covered by 
maintained at 


rpm and the 
the leach solution. Stirring rate wa 
750 rpm for all tests. Fig. 2 shows the experimental 
rates of leaching for various pressures of oxygen, 
Fig. 3 the effect of a change in the leachant concen- 
tration on the rate of leaching for several different 
temperatures 

A series of bench-scale tests were carried out to 
demonstrate commercial feasibility of the leaching 
Optimum conditions were taken from the 
tudies and briefly studied 


proce 
results of the kinetic 
batchwise. Oxygen over-pressure, temperature, and 
various molar ratios of MoS, to KOH were studied 
Results of these tests, 
quired to leach 95 pet of the molybdenite, are pre- 
ented in Table I 

Tests similar to those presented for KOH solution 
were carried out in NaOH and Na.CO, solutions. The 
found to proceed using each of these 
solutions 


expressed as the time re- 


reaction wa 
reagents. The rate measured in Na,.CO 
was much slower because of the buffering action 
of Na.CO, and the resulting lower hydroxyl! ion con- 
centration. Use of sodium salts produces Na,MoO,, 
which is le oluble than K.MoO,—-115.5 g per 100 
ml at 100°C for Na.MoO, as compared to 184.6 g per 
100 ml at 25°C for K.MoO, 


Discussion of Results 

The linear reaction rates observed for all experi- 
ments, Fig. 1, carried out within the range of the 
conditions of thi tudy indicate that the surface 1 
not hindered by products of the reaction. Any build- 
up of adherent surface layers as a result of the 
reaction would result in nonlinear rate curves. The 
linearity of the rate curves also indicates that the 
urface sites that contribute to the 
constant for any given set of con- 


concentration of 
reaction remain 
dition 
The overall measured rate is clearly a function of 
hown in Fig. 2. The 
urface adsorption 


the oxygen over-pressure, as | 
hape of this curve 
that reache 
urface coverage. The oxygen dependency 
are regular and typical of a process involving ad- 
onto a surface. Hydroxy]! ion de- 


uggests a 
a maximum rate for complete 
curves 


proce 


orption of a ga 
pendency, however, is not so simple. The isotherms in 
Fig. 3 can be divided into two regions. In the first 
region, below a concentration of approximately 1.0 
mols per liter, the reaction rate is an increasing 
function of the hydroxyl! ion concentration. Above 
this region the rate decreases with increasing hy- 
droxy! ion concentration. This rather strange shape 
of the KOH dependency may be attributed to three 
1) the concentration of oxygen dis- 
solved in the solution varies with the KOH con- 
centration for any given over-pressure, 2) the ac- 
tivity coefficient of KOH varies considerably over 
the range of concentrations of KOH considered, and 
3) the combined effect of diffusion and viscosity 
must be taken into consideration. To eliminate the 
first of these effects the solubility of oxygen in KOH 
olutions must be known. Since the literature lack 
data obtained under the conditions of thi tudy 
these measurements were made experimentally 
Fig. 4 shows the solubility of oxygen in KOH solu- 
tions under the conditions employed in each of the 
leaching studies. The quantity S/P is the ratio of 
olubility of oxygen in mols per liter to the absolute 
Activity co- 


major effects 


pressure of oxygen over the solution 
efficients of the various concentrations of KOH solu- 
tions were taken from data of Harned and Cook 
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Fig. 4—Solubility of oxygen in KOH solutions 


and extrapolated to the desired temperatures. Since 
the concentrations of oxygen in solution were so 
low—10° mols per liter—activity coefficients of the 
olved in the KOH 


umed to be equal to unity 


oxygen di olutions were as- 


The overall reaction may be explained stoichio- 


metrically by Eq. 1 


MoS, + 9/20 6OH ~ MoO 


250, 3H.O. [1] 
After complete oxidation the end products were the 
molybdate and the sulfate ion If, however, the 
olution 
moved from the autoclave and the molybdenum 
ulfide wa ulfur wa 
found to be present in solution as the sulfate lon 
quantity of the thiosulfate ton 

5.0 This was determined by a standard iodine 
titration. Fig. 5 is a typical plot of 5,O 
centration vs time. The presence of the thiosulfate 


were analyzed a oon as they were re- 


not completely reacted, the 


plus a measurable 
ion con- 
ion in reactions of this type has been reported pre- 
Forward et al who found curve of 
this type for the dissolution of cobalt, nickel, and 
copper sulfides in ammoniacal They also 
noted the presence of dithionate ion and the higher 
However, thionate 
appreciable time in alkaline 


viously by 
olution 
thionates as well a ulfamate 
cannot exist for any 
olutions in the absence of the ammonia ion due to 
their decomposition by the hydroxyl ton re ulting in 
the formation of thiosulfate ion.” The direct forma 
tion of the 
the intermediate overall reaction 


thiosulfate ion may be repre ented by 


+ 2H,O. [2] 


The complexity of these reaction (Eq 1,2) require 
a series of reactions, of which one or more may be 
rate-controlling. In any event, it appears that the 
urface reactions involved result in 
capable of forming the 


intermediate 


compounds that must be 
observed end products and at the same time main- 


tain the proper oxygen and charge balance 


Theoretical 


Development of the Rate Equation: According to 
the Absolute Reaction Rate Theory,” the rate of any 


chemical reaction may be represented by the gen- 


eral equation 
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COMCE MT RATION, meres 


Fig. 5—Formation of $.0. during leaching of MoS 


where represents the summation of all contrib 


uting rate represent he product of the 


reactant concentrations for the )'" rate step, k’, is the 
pecific rate constant, « is the transmission coeffi 
clrent, AF is the activation energy of the 7)” rate 
tep and k and h are the Boltzman and Planck con 
Application of Eq. 3 require 
involved 


tants, respectively 
evaluation of the rate-contributing step 
as well as evaluation of the reactant concentration 

for each tep 

ij) tj 

The following steps are suggested as possibly 
leading to the overall reaction commensurate with 


the measured rates and the observed end product 


MoS O, MoS (fast) [4] 


(slow) [6] 


MoS 


20) + OH MoQ.(OH) 
(fa 


MoO,(OH) OH +~MoO, 4 2H (fa [8] 


H OH —H,O (fast) [9] 


S.0 (fast) [10] 


An alternate mechanism would involve adsorption of 
a single molecule of O, as in Eq. 4 and the subsequent 
in Eq 7 


formation of S 


The symbol is used to denote a surface site o1 


urface Flectrical neu 


maintained by the presence 


product of reaction 
trality must of cour 

gegen ions of the proper charge. It is not intended 
in these reaction indicate how oxygen is adsorbed 
on the activ j The character of the curves of Fig 
2 indici lar adsorption. This do not 


ince the 


ulfur 
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Fig &— Demonstration of the independence of KOH concentration 


or in some way split between the surface molybde- 
num and the sulfur. Kinetically, such splitting will 
appear as molecular adsorption. Eq. 6 represents a 
tep in which the adsorbed oxygen undergoes a 
configurational change creating an active site prone 
to the action of the hydroxyl ion. The molybdenum 
oxy-hydroxide ion, MoO,(OH)’, proposed in Eq. 7 
is not unlikely ince molybdenum oxy-sulfate, 
MoQ,(S0,), and MoO”, are known The interme 

diate thiosulfite ton, S,O or perhaps 2 SO, pro- 
vides a proper step in terms of oxygen and charge 
balance to explain the end products observed. These 
two intermediate would be very unstable and 
would react immediately at or near the surface 
according to Eq. 10. The final presence of sulfate 
ion, SO, , results from further oxidation of thiosul- 
fate in basic solution according to the reaction 


SO + 20.4 20H »250, + H.O 


The addition of this reaction results in Eq. 1 

The present development is based upon a steady 
tate treatment in which the concentration of su 
face reactant is considered to be constant for any 
one set of conditions. These data may be treated in 
a similar fashion by considering surface equilibrium 
for adsorption of oxygen. Arguments will be pre 
ented, however, which indicate that equilibrium 
was not attained. If the fraction of total available 


ite covered with oxygen 1 considered = (1.e., 
MoS 20), sites) as #@, under the steady-state treat 
ment rate of formation of the MoS 20) ites 1 


just balanced at the rate at which they disappear 


Accordingly, from Eqs. 5 and 6 


dé 
la) k Okk, = 0. [12] 
at 


The quantity (1-@) represents the fraction of the 
available surface present as MoS 20,. This implies 
that reaction (Eq. 4) 1 © fast that the fraction of 
the available surface sites completely uncovered by 
oxygen (MoS,) is negligible. The constant k, con- 
tains the terms necessary to convert from surface 


coverage to the true surface concentration, surface 


roughness, and the fraction of the number of surface 
ites that are active. The constants k, and k, repre- 
ent the specific reaction rate constants for the for- 


ward and the backward reaction, respectively, of 


Eq 5. The constant k, represents the specific reac- 
tion rate constant for the reaction of Eq. 6. From 
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Eq 


Langmuir form 


2 the value of #@ may be written in typical 


[13] 


tate of the reaction was experimentally determined 


by 


rate of the appearance of MoQ 


Since the reaction represented by Eq. 7 
the rate of formation of MoO, is determined by the 


rate 


which, at constant temperature, can be 


Eq 


where 
ents the conditions of the tests presented in Fig. 2 
determined at constant temperature 
2.6 mol 


Each curve wa 
at a constant KOH concentration 
liter. Solid lines drawn through the 


and 


pel 


of formation of the intermediate 
according to Eq. 6. Therefore 


d(MoQO, ) 
Rate k Ok 
dt 


Combining Eqs. 13 and 14 results in Eq 


Rate 


k, k, [O,] 
1 +k, [O,] 


Rate 


k, kk, and k k,/(h ky) 


very fast 


olution 


MoO.(OH) 


[14] 


[15] 


written a 


[16] 


repre- 
9 
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+ 

+ 
+ 
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+ 
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Fig. 7—Eyring plot tor calculation of \H 
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tal points of Fig. 2 are the theoretical calculated 
curves according to Eq. 16. Plateau values of thi 
curves represent complete surface coverage or #1 
These plateau values therefore represent the k, 
terms at each temperature. From this and ons 
other point on each curve the value of k, may be 
determined for each isotherm according to Eq. 16 
The term k,/(k, + k,) approaches the equilibrium 
constant K as k, becomes small compared to } 

Thus, k,—+*K and then represents the 
adsorption of oxygen in Eq. 5. From the curves of 
Fig. 2 the values of k, were found to be 234, 300, 
378, and 480 at the temperatures of 112°, 125 

140°, and 156°C respectively. Since all 
must be exothermic, 1.e., K must 


equilibrium 


urface ad- 
orption process 
decrease with an increase in temperature, this in- 
crease in the value of k, with temperature indicate 
that equilibrium was not attained. For thi 
the second alternative k h 
the steady-state treatment adopted 


reason, 


must be chosen and 


The effect of varying hydroxyl ton concentration 
is irregular from what might be expected. The 
of Fig. 3 were determined for KOH 
concentrations at a constant over-pre ure of oxy- 
tirring speed of 750 
olved in the 


curve varlou 
gen of 400 psia and a constant 
rpm. The concentration of oxygen di 
KOH 
tion of the solubility of oxygen in the 
centrations of KOH, as indicated in Fig. 4. The 
effect of varying the hydroxyl ion concentration 


olution was not a constant due to the varia 


Variou con- 


can be explained by considering the two sections of 
each of the isotherm In the first section 
the solubility of oxygen in the dilute KOH 
is sufficient to supply an adequate amount of oxygen 
to the surface of the molybdenite in order to support 

In this section, however, the hydroxy! 
ion does not diffuse to the 


eparately 
olution 


the reaction 
urface fast enough to 
continue the reaction. Thus the rate of the reaction 
increases as the hydroxyl ion is increased. At a con 
centration of approximately 1.0 mols per liter the 
rate of supply of hydroxy! ion to the surface be 
comes equal to the rate of formation of active ox) 
dized surface site Jeyond this point, as the hy 
droxyl ton 


Olubility 1 


concentration continue to incre; 
limited to such an extent as to 


ufficient 


oxyven 
hinder the reaction by not ipplying a 
amount of oxygen to maintain the oxidation rea 
tion at an equal or faster rate than the reaction with 
the hydroxyl! ion. In thi 
zero order with respect to KOH 


ection of the curve the 
rate thus become 
ince the overall rate now depends on the rate of 


formation of active oxidized surface sites which are 
removed by reaction with hydroxyl ion a oon a 
they are formed. The only hydrox 
manifest by the solubility of the oxygen in the KOH 
olution. This last point is clearly demonstrated by 
the fact that it is possible to intermix the exper! 


mental data of Fig. 2, determined at a constant KOH 


yl dependency 1} 


concentration of 2.6 mols per liter and at variou 
oxygen over-pressures, with the hydroxyl ton inde 
pendent data (above 1.0 mols per lite KOH) of Fig 
3 determined at various KOH concentrations and at 
a constant oxygen over-p ure of 400 psia. These 
hown in Fig. 6 where the rate of the 

tion is plotted vs the concentration of oxygen 
olved in the KOH solutions. The data indicated 
ymbols are those obtained from Fig 


data are 


the open 
data indicated by the closed 
from Fig 

Thermodynamic Considerations: U 
Ab Olt 


ymbol ire obtained 


tate treatment and the 
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524 Kcal/mole 


8—Eyring plot tor calculation of \H 


rheory 
} 
[17] 


The lope of the Eyring T 1/T 


hould give the value of 3 Fig. 7 represent 


found that AH I 
represent the 


uch a plot, from which it wa 
equal to 6.60 keal per mol. Thi 
heat of activation for reaction (Eq. 6) which in 
volve rearrangement of the 
the surface. Likewise, it can be 


adsorbed oxygen on 
hown that 


{18} 


R| 


The lope 
value of SH rig hows that SH 


equal to 5.24 keal per mol, By difference 7 
found to be equal to 11.84 keal per mol, Thi 
represent 1 hei if activation for adsorption of 
ygen on i urfi the molybdenite accord 
to Eq. 5 
It is interesting an approximation of the 
actuall involved in the 
elected where @ ] 


number of urtace 


leaching p! 
Eq an ( » calculate | which contain 
the Ti ! roughme ,, the fraction 
ivated: and 

unit 

iumber of MoS 


if molybdenite 
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a 
ur T T ) 
"| | 
} 
| | 
| 
2 
2 10 | 
| | 
5 
| 
; 
20 22 250 275 am 
q 
exp [—(aF, —aF, )/RT] 
} 
’ 
fives a 
\H, 
hy. 
ing the steady- mee | 
Reaction Rate on the principle cleuvaye plane 
‘ 


the 0001 plane—gives the 
4.95 10 mol 


value of approximately 


per cm’. The difference in entropie 


can be calculated from the relationship 


(AH ) (AS MS, ) 


19 
k, RT R 


24.45 eu per mol. AS,, the 
with the adsorption of 
oxygen onto the surface of the molybdenite, can be 
estimated by the use of the B.E.T. assumption that 
the energy of adsorption is approximately equal to 
free 


value of 


change a 


This gives a 


entropy ociated 


the energy of liquifaction of adsorbed gas. The 
energy of activation for 
be calculated by the 


each of the processes can 


thermodynamic relationship 


AF = 4H — TaS [20] 


Table II shows the percentage of active sites for 


Table Ii. Estimation of the Number of Active Surface Sites 
Active Sites, Pet 
\S Moats 
huperMel FuaperMel Perm ken 
2445 17x10 14x10 0.094 0 0034 
045 1 x10 24x10 26 0.26 
12 79x10 16x10 16.0 160 


calculated at the condi- 
psia ([O,] 2.0 x 10 

2.6 mols per liter 

min (3.33 * 10 


everal estimations of AS 
tion 7 429°K, P 400 
mols per liter), KOH 


2.44), and Rate 0.530 mg per cm 


Values of AS 
10 may be 


mol per em ec) 
and k,, 


6.00 eu per mol 
being nominal esti- 
of the entropy of adsorption and of the sur- 
factor. In this case, the number of 
active sites is approximately 0.26 pet of the number 
of total This suggests that the face of 
a molybdenite platelet is relatively inactive and that 
at the edges of these 
in a series of steps 


elected a 
mates 
face roughne 


urface site 


the reaction probably occurs 
platelet 


, removing MoS 


Commercial Application 
The product of the leaching proce i 


a pregnant 
ired molybdenum plus any 
metals that may have 
Such a process, if applied to mo 


carrying the de 
alkali-soluble 
present in the ore 
lybdenite ore 


liquor 
other been 
containing appreciable quantities of 
rhenium, would result in a liquor containing potas- 
well a molybdate 
This liquor could then be treated by ion exchange 
or by solvent 
from the molybdenum 


The sand 


ium perrhenate a potassium 


extraction to separate the rhenium 


flotation treatment in the molybdenum 


circuit, such as is currently used to separate molyb 
denum sulfide from the underflow of copper flotation 
circuits, could be eliminated by application of thi 
proce for dissolution of molybdenum. The de- 


pressed molybdenite plus the gangue material re- 
following the bulk sulfide hould be 
directly applicable to such a leaching process 

A novel application of this high temperature leach 
been devised in which use is 


moved step 


process ha made of 
waste pickl liquors ferro-molybdenum 
for steel alloying. A feature of thi 


fact that the 


to produce 
proce is the 
treating 
The 


leachant can be recovered by 


solution with hydrated 


leach 


the spent lime 
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calcium sulfate formed is filtered off, leaving the 
desired potassium hydroxide. The ferric molybdate 
produced by reaction between the pickle liquor and 
the leach liquor can be added to the steel melt di- 
rectly or reduced to ferro-molybdenum in an elec- 
tric furnace 


Conclusions 
ulfide was found to leach readily in 
KOH solutions at relatively moderate oxygen pres- 
ure and temperature. The observed kinetics of the 
reaction can be explained by a steady-state analysis 
involving adsorption of oxygen at the surface fol- 
lowed by a configurational rearrangement of the 
oxygen on the surface. The oxidation product is 
then removed from the surface by a reaction with 
hydroxyl ion forming a water-soluble molybdate 
The hydroxyl ion dependency is believed to be dif- 
fusion-controlled. A hydroxyl ion de- 
pendency is due to a decrease in the solubility of 
oxygen in increasingly concentrated solutions of 
KOH. Heat of activation for adsorption of oxygen 
was found to be 11.84 kcal per mol. Heat of activa- 
the configuration change was found to be 
The small apparent number of 
that the reaction occurs 
molybdenite 


Molybdenum 


secondary 


tion for 
6.60 keal per mol 
active sites present suggest 
predominantly at the edges of the 
platelets 

Although the process of high temperature leach- 
ing of molybdenite and some of its suggested appli- 
may not be economically feasible at the 
present state of technology, it is felt that furthe: 
application of such systems will produce a tech- 
nique that will allow a process of this type to com- 
pete favorably with existing processes 


cations 


Acknowledgments 
The authors express thei 
Atomic Energy Commission for the funds that made 
this work possible and to the University of Utah 
Research Fund for funds for the equipment. Thanks 
are also extended to John R. Lewis, head of the 
Dept. of Metallurgy, for his support and interest in 
the work and to Noble M. Nerheim, graduate stu- 
dent, for work on the bench-scale studies 


appreciation to the 


References 
and J B. Chalelain 


Mining and Metallurgy 


J. G. Baragunth 
ol. 26, no. 464, p. 391 
F. A. Forward: 


J Stenhouse and W. M. Ar trong: Ce ! Mv ind 
Metallurgical Bull. 45, 1952, p. 49 
‘V. Trom ind S. Bondin: Comptes Rendus Acad. Science, URSS 
4) 
J. EK. Anderson, J. Halpern, and CS. Sami AIME Trans 1953, 
vol. 197, p. 554 
at Zapiski Mineral Obschachestva 1952, 


w H. Dresher, T. M. Kaneko, W. M. Fassell, and M. E. Wads 


worth: Industrial and Engineering Chemistry, 1955, vol. 47, p. 1681 

'P. K Frolich et al Industrial and Engineering Chemistry 
1931, vol. 24, p. 

\ N. Ipatieff and G. S. Monroe Indust ! and Engineering 
Chemistry, 1942, vol. 14, p. 166 

G. H. Ayres and B. L. Tuffly Analytical Chemistry, 1951, vol 
23, p. 304 

A. Cook: Journal of the American Chem 


H. S. Harned and M 
| Soctety, 1937 ol. 59, p. 496 
F. A. Forward and V. N. Mackiw: AIME Trans, 1955, vol. 203 
457 
A. F. Wells Structural Inorganic Chemistry, | 306 
University Press, Londor 1945 

*‘S Glasstone K. J. Laidier, and H. Eyring The The y of 
Rate Processes, p. 13. McGraw-Hill Book Co. In« 

W. M. Latimer and J. H. Hildebrand: Reference Bool Inor- 
inte U stry, p. 360. The Macmillan Co., New York, 1940 

“HAH. J. Laidler Chemical Kinetics, p. 184 McGraw-Hill Book 
Co. Ine New York, 1950 


Discussion of th paper sent (2 copie to AIME by Aug. 1, 1956 
wi ppear in AIME Trans t s Vo "05 and 200 and in Munine 
nd Joumnat or Merat M 1957 

The work presented here was sponsored by the Ator Energ 
‘ sion under Cont tN AT 11 4 Project N 

rT paper represent portior f the t be t ted t 
W H. Dresher i art fulf t of the req ents f 
the degree of Doct f Philosopt it the Universit f Utal 


TRANSACTIONS AIME 


| 


Technical Note 


Mechanism of Sulfate Formation During the 


Cuprous Sulfide 


by C. L. McCabe and J. A. Morgan 
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Be, 
the art of roastin ulfide it well known that 
the lower the temperature and the higher the pre a = > Ee! 
ive of SO,, the larger will be the amount of sulfate 
present in the product. However, the mechanism of 
ilfate formation is not generally understood. The au? 
following experiment” demonstrates in a direct way : 
that, in the roasting « 
with iseous SO 
the lfide surface is the same t ilfute 
is formed. Using an indirect , Fassell, | 
ind Wadsworth infer that sulfate forms after oxida 3 . 
tion, duriu the roasting of sphalerite, agreeing 
with the observations of this paper. The method a i 
presented here of demonstratin that sulfate tor aie 
after formation of CuO ts to roast a sample of Cus Ss 
ind then to locate and identify the phases formed Oe | 
A solid cube of cuprou ulfide, made | meltin ee 
Fish eagent ade powder and measurins The of this reaction at the su 
about 15 em on edeue Wi placed on a Nichrome face are CuO and SO eo 
A ( a ispended over the top of an Alundum ) The SO) diffuse out through the pore inn thie eee 
comi tion boat. The assemb! Vas placed in a tube (uO and finall reache position mn the CuO 
furnace at 600 C and o» en it flow at U.60 ine ¢ en pre ine the 
| 
‘ nu ed uround the pecimen to nave ich that the thermodynamic conditiot 
24} he furnace tube diameter was 1.5 Thi fi the formation of CuSQ, are fulfilled. Then, the sai) 
wasted sample wa emoved from the fu ture of ©, and el euct with the 
nace i impregnated with resin No. BR 0014, of CuO to form CusSQ ee 
tained Ire trie Product Co and the thie ‘ olution of 
pregnated ! vas then mounted in Lucite A () and to fort the bust ilfate 
cro ection as obtained b nding and the i eusonable nee the lient Il deeres 
face i epared | the follown te 1) na toward the o en gas pl e fro the CuSO. lave Pete 
ng—-60 grit, 3M disk, dry; 2) preliminary polishir 1) For tl ame reason the basic sulfate wil + 
60 through 600 vl disk, d ) rit decomy eto form CuO : 
lia nd itt Ik cloth nd 4) final polishiu The above sequence of event based on the a 
ted nesia opropyl alcohe tion that diffusion th ivh the oxide and il 
cloth te lave ather than the reaction at the il 
} | 1. The lave present in the micre i} ted | the ‘ ition that these oxide Be iis 
uph are given al the Le ind sulfate ‘ combined are almost nonperme 1, ies 
tien? f thy ‘ jou Vel ‘ ible 1 the or ‘ +} ouch the 
tal hed t Wenye eherrer patte 
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Seattle Host To Pacific Northwest Regional Conference 


Mining and metallurgical students (standing), were treated to a special dinner at the 
AIME Pacific Northwest Regional Conference. Seated from left to right: H. Lovenstein, 


E.R. Marble (General Chairman of the Conference), Charles E. Golson, Roy O'Brien Minnesota and extending through 
(AIME Field Secretary), K. N. McLeod, David §. Gleason and Dean John P. Spielman Seattle to Tokyo, Japan. In the 100 
year ince iron ore was first mined 

in the U.S. three billion tons of ore 

More than 300 engineers attended J. Gordon Parr, associate professor have been produced which would fill 
the AIME Pacific Northwest Regional of metallurgy, University of Alberta a train long enough to circle around 
Conference at the Olympic Hotel in poke at the luncheon on Thursday the world nine times at the equator 
Seattle. Thirty-five mining engineer His entertaining and informative talk This rapid depletion of our known 
ing students from six western col lived up fully to the promise of it reserves of high-grade ore has forced 
leges and universities registered title, How Does the Metallurgist Get industry to develop, through = re 
This Granddaddy of AIME re- the Urge? earch, methods of recovering iron 
gional meetings ran from May 3 to Desmond F. Kidd, Past-President from low-grade taconite ore Mr 
5th, and included 39 technical papet of CIM, and president and general Holt pointed out that as a result of 
by experts in the fields of mining manager of Attwood Copper Mine this research, industry has more 
metallurgy, and petroleum engineer Ltd poke at the Mining Branch than replaced the iron ore mined out 


ing. Technical sessions filled the first 
two days of the meeting, while Sat 
was devoted to tours through plant 
in Seattle, Renton, and Tacoma 

The students came from the Uni 
versity of Nevada in Reno, the Mon 
tana School of Mines at Butte, the 
University of British Columbia at 
Vancouver the State College of 
Washington at Pullman, and the Uni 
versity of Washington tn Seattle 

The AIME North Pacific Section, 
which sponsored the conference, en- 
couraged tudent§ attendance by 
waiving the registration fee, giving 
reduced hotel room rate and offer 
ing conference luncheon and banquet 
tickets to students at half-price. A 
special student dinner Thursday eve 
ning was provided by the Colorado 
Fuel & Iron Corp. and the Harvey 
Aluminum Co. of U.S. A technical 
session on minerals industries’ edu 
cation followed the dinner 

Seattle's Mayor Pomeroy extended 
a cordial welcome at the Metal 
Branch luncheon, and stressed the 
need for more college engineering 
graduate 


luncheon on This Progress of Our 
Grover J. Holt, general manager of 
ore mining for The Cleveland-Cliff 
Iron Co Ishpeming, Michigan, and 
President-elect of the National AIME 
addressed the Conference banquet at 
7 pm Friday Hlis top Indian War 
paint im Our Lives Today, showed the 


progre in iron mining from the 
days when iron ore was used only for 
Indian warpaint, to the present when 
87 million tons of ore were mined in 
the Lake Superior district alone in 
1955. This is enough ore to fill a single 
train 6,600 miles long, originating in 


Members of the AIME Bessemer Stee! Committee visited the plant at the Lorain Works 
of U. S. Steel Corp.’s National Tube Division in Ohio on April 25. (See page 741) 
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An AIME Report: 


Long Range Planning For 


Institute Development 


YINCE its founding 65 years ago 
S the AIME has continued to grow 
from the original small group of 
cor patible mining enginect to the 
present complex association of engi 
neers bonded together by their mu 
ional interest in explora 
extraction, ofr 
conditioning process of the world’ 
yreat mineral resouret At times 
this growth proce has been slow, 
but more recently it has incre ased at 
an accelerated pace. At the end of 
1934 there were 7,163 non tudent 
members of the Institute; at the end 
of 1945 there were 12,910; at the end 
of 1955 there were 23,723 non tudent 
member The student membership 
in stride with the trend, has in- 
creased from 579 at the end of 1934 
to 2825 at the end of 1955 
Correlative with thi 
numbers has been an inflorescence of 
mineral technology until today the 
primary interests of the membership 
are represented conjointly in the 
three Branche Metallurgy, Petro 
ileum. and Mining. The Metallurgy 
and Mining Branche include Divi 
sions, representing technical pecial 
ization, that are in turn composed of 
committees or groups of increased 
specialization, until today there are 
undoubtedly more commiutteemen in 
any one of the Divisions than there 
were in the total membership of the 
group that founded the 


tual profe 
tion, development 


growth In 


original 
Institute 

As the membership has increased, 
and as the scientific interests of the 
members have broadened and deep- 
ened. so has the complexity of the 
administration of the AIME in- 
creased. Reorganization has followed 
organization throughout the history 
of the administration. Several of 
the reorganizations have demanded 
changes in philosophy as to me thods 
of serving the membership more 
effectively. A typical example of 
this was a reorganization in 1911 
when the first three Local Sections 
were established The need for 
maintaining communications in the 
Institute as it gained in size as well 
as the need to overcome the hand! 
cap of the distances of groups of 
members from headquarters un 
doubtedly compelled what at that 
time must have been a re volutionary 
concept to the men who were guid- 
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The Background 


ing the destiny of AIME By 1948 
the number of Local Sections had 
increased to 41, and today we have 
70 


More recently, in 1947, the Board 
of Directors of AIME appointed a 
committee of M. M. Leighton, Clay- 
ton Ball, and H. W. Johnson to study 
the Divisionalization and Publication 
Program of the Institute. The report 
of this committee has become known 
as The Johnson Report and was 
published in the March 1948 issue of 
MINING AND Meratturcy. Many of 
the concepts introduced in the report 
have been incorporated into the 
fabric of the Institute as we know 
it today. Although the report wa 
written ten years ago when the total 
membership was only perhaps 60 
pet of that of today, many of the 
conclusions remain pertinent. Mem- 
bers who are interested in the his- 
tory and development of the Insti- 
tute would do well to reread The 
Johnson Report 


Early in 1955, E. H. Robie fore- 
east that the nonstudent member 
hip of the Institute would increase 
to 27,000 in 1960; 31,000 in 1965; 35, 
000 in 1970; and to 43,000 in 1980 
Again, with increases sue h as these, 
the complexity of the problems of 
especially of the 
staff functions, will multiply. With 
this in mind, H. DeWitt Smith, as 
President of AIME, appointed a 
committee which he designated as a 
Long Range Planning Committee to 
study AIME organization and to rec- 
ommend means of simplifying the 
mechanics of operation of the Insti- 
tute now and in future days of 
growth. The committee cons! ted of 
Andrew Fletcher, 1953 AIME Presi- 
dent (Mining) as Chairman; Leo F 
Reinartz, 1954 AIME President 
(Metals): and Carl E. Reistle, Jr., 
1956 AIME President (Petroleum) 


During the course of the compre- 
hensive study, the committee solic- 
ited advice from the members of the 
AIME Board, the Branch Councils, 
the Division Chairmen, and other 
members who had official responsi- 
bilities in the activities of the In 
titute. Thoughtful communications 
numbered in the hundreds, and un- 
informed criticism was rare. The 
advice of Norman Mitchell, member 


administration, 


Chicago, 
who was a consultant for the John- 
son Committee, was also invited 


of A. T. Kearney & Co., 


Previous to the Annual Meeting 1n 
New York in February of this year, 
the committee on Long Range Plan- 
ning submitted the first draft of it 
report to the Board of Directors, the 
three Branch Councils, the Chairmen 
of the Local Sections, and to the 
Council of Section Delegates By 
broadcasting this draft in advance 
of the annual meeting, the commit- 
tee provided, to a large segment of 
the membership, an opportunity to 
study and discuss the tentative plan 
The report was widely discu sed by 
the various groups at the annual 
meeting and most of the propo al 
in the plan were well receive d. How- 
ever, the discussion proved that two 
or three of the proposal needed 
clarification or modification 


At the final meeting of the 1955 
Board, a revised Long Range Plan 
ning Report was received by the 
Board with a vote of thanks to the 
committee. The Long Range Plan- 
ning Committee wa discharged and 
the report was passed on to the 1956 
Board. At the first meeting of the 
new Board, President Reistle ap- 
pointed a committee of the chairmen 
of the three Branches and the chair 
man of the Council of Section Dele 
gates to study or work out some of 
the organizational details and modi- 
fications that would be required to 
implement the plan. Thi committee 
was charged to work within the 
framework of the Long Range Plan; 
it was cautioned not to come forth 
with a new Long Range Planning 
Report. The new committee will re- 
port to the Board at the June 1956 
meeting 

Although the Long Range Plan- 
ning Report has had wide circula- 
tion among the technical and admin- 
istrative groups and the Local Sec- 
tions of the Institute, there Is per- 
haps a segment of the membership 
that is not affiliated with Local Sec- 
tions and that has not been able to 
attend regional, or annual 
meetings. For the benefit of these 
members, the report is being repro- 
duced here. The membership 1s In- 
vited to study this report and to 
comment on the proposals 


local, 


The Report 


The Committee composed of one 


representative from each of the 
three Branches was given, in Feb 
ruary 1955, the responsibility of de 


veloping long range planning for the 
AIME 

Two memoranda outlining possible 
solution of certain operating prob- 
lems, finance, publication, meetings, 
membership, development, and other 
related matters, were prepared and 
submitted to representative members 
of the Institute to obtain their reac- 
tion. A third memorandum was pre- 
sented to the Board meeting of Nov 
16, 1955 

Sased on the very 
ters and meetings with members of 
the Institute, and supplementing the 
report, dated Dex 20, 1955, of 
Norman Mitchell, member of A. T 
Kearney & Co., Chicago, who was 
appointed by President Smith in 
November to make an _ objective 
study of the Institute and its prob- 
lems, your Committee makes the 
recommendation to maintain. the 
general structure of the AIME as it 
now exists, but with the following 
changes in structure and organiza- 
tion 


competent let- 


Name 

a. The name should be American 
Institute of Mining, Metallurgi- 
cal, and Petroleum Engineers 

b. The abbreviation of AIME should 
be retained 

c. The symbol should be redesigned 
by including in the background 
a drilling derrick or some other 
item that is representative of the 
petroleum members 


2. Branches 

a. The subdivision of the member 
ship groups should no longer be 
known as Branches but as Socie 
ties, and under the following 
title: 
Mining Engineering Society of 
the AIME 
Metallurgical Engineering Soci 
ety of the AIME 
Petroleum Engineering Society 
of the AIME 

b. Each society should form its 
own committee on education and 
on economics, in accordance with 
its own need. These committees 
would then be coordinated by an 
AIME council, or professional 
division, that would have a rep 
resentative on the AIME Board 
of Directors. This Council would 
cover all three Societies in the 
Institute, and all AIME members 
could participate in it, as well as 
belong to their own Society 

c. Subject to the approval of the 
AIME Board, each Society should 
organize its own Executive Com 
mittee, with officers and bylaws 


3. Directors 


a. The number of 
should be reduced to 21 


AIME Directors 
and 


the honor and responsibility of 
office be increased 
b. The President, President-Elect 


hould 


ident erve 
Each hould 


Nominating Com 


and Past-Pre 
as Director 
have its own 


*. Transportation, but not 


election of it 
additional 

society 
Joard members 
In the first year of 


mittee for the 
Directors and 
Directors from 
should serve a 


each 


reorganiza 


tion, two Directors would be 
elected for three year two for 
two years, and two for one 


year; thereafter, two would be 
elected each year by each Soci 
ety for three-year term 

food o1 
housing expense, of any Directo: 
to the four quarterly Board meet 
ings, should be paid by the 
AIME 

The duties of the Board should 
be to establish the broad polici 

of the AIME, to maintain and 
protect the integrity and profe 

sional standing of the member 

to plan and be responsible for 
the Annual Meeting, to handle 
the joint finances of the variou 
groups, and to review and ap 
prove the recommendation of 
the President for membership on 
the tanding committee The 
Board should also have the power 
to approve or disapprove any 
changes in the organizational set 
up or financial policies of the in 
dividual Societies 


. President 


Each society hould name the 
President every third year. The 
Nominating Committee of the in 


dividual society from whom the 
President is to be elected should 
make the nomination for that 
particular year 

. The President transportation 


but not food or housing expense 
should be paid by the AIME with 
an upset limit to be determined 
annually by the Board 


. Sections 


As sections over the coming year 
will be influenced more by pro 
fessional than by geographical 
line each Society hould be 
given authorization to set up it 
own geographical areas and or 
gZanize section to meet it re 
quirements. Until changed by the 
Board, the minimum require 
ment for the setting up of any 
section should continue to be 25 
members 

Local sections can and should be 
flexible in their organization and 
operation. Some may be organ 
ized on a geographical basis, and 
a profe ional basi It 
intent of the Long 


some on 
was not the 


Range Planning Committee to 
force a reorganization of local 
section but to let each section 


freedom to organize ac 
and wishe 


have the 
cording to the need 
of its membership. The Council 
of Section Delegate may be 
continued as an all-Institute or 
ganization, with § it function 
changed somewhat and some or 
ganization of ection delegate 


on a society basi 


. The Council of Section Delegates 


many desi 
Committe 


ociety 


As the Council ha 
able feature the 
recommend that 
hould set up its own Council of 
Section Delegate whose pri 
mary responsibility should be to 


each 


keep the Directors of that par 
ticular society informed, If, how 
ever, a society does not desire to 
have its own Council of Section 


will be under no 
The society 
of its 


Delegate it 
obligation to do so 
hould pay the expenses 
own Council 


Initiation Fees and Dues 


. The Committee recommends that 


for the next three-year period 
initiation fee hould be reduced 
from $20 to $10, and the respec 
tive Society be refunded the $10 


. The Committee believes that the 


dues for all three societies should 
be the ame, and that for the 
time being at least, the $20 fee 
hould be retained 


*. The Committee recommends that 


the refund of 50 cents a member 
hould be continued, but that for 
the next three years, while the 
uggested reorganization is tak 
ing place, the refund should not 


be any greater 

d. The AIME Board should have 
the right to reduce or increase 
the initiation fees, dues, or re 
bates any time upon a majority 
vote of the Board members 

8. Finances 

a. Each society should have full 
responsibility for operating at a 
profit, as shown by the AIME 
books. After expenses have been 
met, each society should have 
authority to spend all surplus 
funds after 25 percent of such 
urplus funds have been set aside 
for the interests of the AIME as 
a whole 

By-laws 

a. The AIME By-laws should be 
rewritten and simplified 

10. Meetings 

a. The Committee recommends to 
the Board that a decided change 
hould be made in the Annual 
Meeting program. For example, 
the number of technical sessions 
hould be reduced, one or more 
joint sessions of the three socie 
ties be organized, and luncheon 
meetings be addressed by out 
tanding speakers on timely sub 
jects of a general nature 

b. All busine hould be divorced 
from the Annual Banquet and 
only top awards should be given 
at that time. The other awards 
hould be given at society or re 
gional dinners or meetings, which 
it is believed will be strength 
ened by the transfer to them of 
ome of the technical sessions 

ec. The President should make his 
report on State of The Institute 
at an afternoon session during 
the Annual Meeting 

11. Conclusion 


that the above sug- 
comments will re 
having a: 
possible, and 


It i hoped 

vestions and 
ult in 
much autonomy as 


each Society 


that the AIME will grow into a 
ingle and stronger Institute in 
which the best interests of all 


members are furthered 


COMMITTEE FOR AIME LONG RANGE 


JUNE 


PLANNING 


he art Metals 
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The thirty-ninth conference of the 
AIME Blast Furnace, Coke Oven, 
and Raw Materials Committee and 
National Open Hearth Steel Com 
mittee was held at the Netherland 
Plaza Hotel, Cincinnati, April 9-11 
of thi year Attendance record 
were broken by both committees 
with 1105 registering for the open 
hearth conference and 459 signing 
up for the blast furnace meeting 

Sessions on problems of raw ma 
terial supply and quality, held Mon 
day morning, drew close attention, 
particularly the sessions on sinter 
ing. Refractories papers presented 
in the afternoon by the open hearth 
committee, created so much interest 
that the audience overflowed into 
the hall Other sessions covered 
blast furnace operations, desulfuri 
zation, coal and coke, basic and acid 
operations, cold metal and foundry 
practice, and combustion 

The luncheon and business meet 
ing of the blast furnace committee 
on Tuesday, was well attended and 
the annual fellowship dinner that 
night filled not only the floor, but 
the baleony of the hotel's Hall of 
Mirrors 

At the annual fellowship dinner, 
the conference presented the Jour- 
NAL or Metats Award to three men 
from the University of Minnesota for 
their contribution to industry knowl- 
edge of the sintering process. The 
recipients of the award were: T. L 
Joseph, professor of metallurgy; 
Gust Bitsianes, associate professor 
of metallurgy, and R. D. Burlingame, 
Weirton Fellow Their work was 
made possible by the fellowship 
program of the National Steel Corp 
The tithe of the winners’ paper was 
Reaction Zones in the lron Ore 
Sintering Process 

Guest speaker at the dinner wa 
Thomas R. Reid, director of civic 
affairs, Ford Motor Co. A member 
of the Hoover Commission com 
mittee on business organization, Mr 
Reid is also chairman of the sub- 
committee on special problems; both 
committees are in the Dept. of De- 
fense. Discussing the recommenda 
tions of the Hoover Commission Re- 
port which have been acted upon, 
Mr. Reid urged the adoption of the 
remaining proposals, stressing the 
advantages which would accrue. The 
speaker was formerly vice president 
in charge of human relations, Me- 
Cormick & Co., and held the chair- 
manship of the Surplus Manpower 
Commission 

Wednesday morning nine buses 
took approximately 400 registrants 
out to the Armco Steel Corp.'s en- 
larged plant at Middletown. Visitors 
toured the newly opened coke op- 
eration, visited the blast furnace 
and toured the No, 2 open hearth 
shop. Luncheon was served at the 
Hotel Manchester at Middletown 
through the compliments of Armco 
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Blast Furnace NOHC Conference Held in Cincinnati 
Attendance Exceeded 1500 


The record registration overflowed to the Hall of Mirrors Balcony at the Netherland 
Plaza Hotel for the Fellowship Dinner 


Nine Buses For Plant Trip 


Over 400 visited the blast furnace at Armco Steel Co.'s enlarged plant in Middletown 


Sept. 15, 1956 is the deadline for Institute of Metals Div. papers (4 copies) for the 
1957 New Orleans Annual Meeting and the deadline for all Iron & Steel Div. and 
Extractive Metallurgy Div. papers (3 copies) that are to be considered for preprinting 
Papers received by this deadline but requiring revision may not be processed in time 
to permit scheduling for this meeting 


Seated at the head table enjoying the Fellowship Dinner are, left to right: J. W. Duncan, E. A. Kercsmar, R. E. Powers, John Chipman, 
A. W. Thornton, Grover Holt (AIME President-Elect), C. T. Marshall, L. F. Reinartz, D. R. Mathews, F. M. Hamilton, W. E. Conway, 
F_ M. Stephens, and R. W. Shearman 


Chatting between sessions, left to right: Harold P. Gow, In animated discussion, left to right) Grover Holt, T. L 
John Marsh, and Thomas R. Reid Joseph, and L. F. Reinartz 


LEFT Toastmaster John Marsh, left, provides an interested audience for John Chipman, ISD chairman, before offering his own ideas 
on the subject under scrutiny, Mr. Marsh was the 1955 Howe Memorial Lecturer RIGHT William E. Marshall, Blast Furnace, Coke 
Oven & Raw Materials Committee Chairman, makes a salient point 
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Fast, precise answer 
to your 


X-RAY 
DIFFRACTION 
PROBLEMS 


Hilger 
Micro-Focus 
X-ray unit 


This internationally famous instrument has 

exclusive advantages that will increase the speed 

and precision of your x-ray diffraction work 

Low exposure times — smal! diameter x-ray diffrac- 

tion cameras used cut exposure time to minimum. 

High resolution precise segregation and phase 

distribution studies made possible by fine 

focusing on grain boundaries. Particularly 

valuable for low angle scattering 

Special techniques possible — micro-crystal study 
focal spot permits examination of area in 

order of 60 sq. microns. 

For more complete information, write today for 

Catalog CH 356/2 

Note these exclusive features: 

1. Working potential between 5 and 50 ky . 

smoothed half wave 

2. 0.04 mm focal spot diameter 

electrostatically by manual adjustment 

3. Easily interchangeable targets give a wide choice of 

wavelength of x-radiation as the tube is completely 

demountable 

4. Small diameter «ray diffraction cameras 

exposure times 

5. Fine focus aiiows full intensity with a tube current of 

only 400 ma in-put power at kv only 1 kw 

6. Low cost filaments fitted quickly and easily 

7. Interlocking switches provide safe, foolproof operation. 


tube supply 


focus controlled 


minimum 


20 Farwell St, Newtonville, Mass 


Los Angeles (Duarte 
Pittsburgh, Pa, New York, WN 


Branch Offices Atlanta, Ge 
Chicago, Ill, Muskegon, Mich 
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Palo Alto, Cal, 


Y 


KEEP FISHING FOR GOOD MEMBERS 
THERE IN THE POOL 


The days of the fishing stories have come 
around once more. Usually these stories are not 
that about the 
whopper that got away 

Ole Isaak AIMEable, in those lucid moments 
when the fishing fever is not upon him, although 
how the 


about those were caught, but 


he brags about those he nailed, and 
beastie fought to get away, gives some thought 
to those beauties at the bottom of a pool, or under 
some rock in the stream, who do not even rise 
to his lure 

If you ask a successful ‘fisherman the reason 
why he brings back a creel full, while his next 
neighbor usually comes home empty- 
handed, he will tell you 


Patience to learn the lore of the sport, 


door 
it is a question of 
patience 
and patience in fighting the fish, till you bag him 

It is a funny thing but this same quality of 
patience and pertinacity, is one that we need in 
signing up new members for the Institute. We 
need patience in locating the big ones; patience 
in a cautious approach, so as not to scare him 


away; patience in answering his objections and 


overcoming his resistance; patience once we have 
him on the hook, to get his application blank 
filled out and signed; then we finally have him 

We have not surveyed the 
AIME to find out just what proportion are de- 
votees of the sport of fishing, but my guess is 
that it will be quite high, so here’s an appeal to 
you Waltons of this day! Why not imitate ISAAK 
AIMEable and fish for new 


membership of 


members?—C. E 


Golson 


AMERICAN INSTITUTE 
OF MINING, METALLURGICAL, 
AND 
PETROLEUM ENGINEERS. INC. 


29 WEST 39OTH STREET NEW YORK 1868 N Y 


Isaak AIMEasce Savs.. 
| 

! 

! 

| 


The Tenth 


Regional! Conference was held at the on Saturday noon, a busine meet man and membetr at large J 
Waverly Inn, Cheshire, Connecticut, ing of the New England Regional Chafey, J. J turke, P. J. Clemm 
on April 20 and 21. The conference, Conference Committee was held. The Much credit for the uccessful 
which incl d two day of tech- election of office: for next year in meeting is due to K. H. Mai W.A 
nical meetings, a fellowship dinner, cluded: W. A. Backofen, chairman tackofen, G. W. Coleman, D. E 
ind a choice of plant trips, was at D. E. Trout, vice chairman; D. L Trout, and their very active con 
tended by 190 registrant Martin ecretary Sidney Siegel ference committe 


Technical 
Friday and Saturday mornings. The 
metal cence 
cheduled talk 


Deformatio 


Chalmetr 


formation 


by W. R. Hibbard, Jr., General Elec- 
and Characteristics of 
Wrought Metals by J. Lester Klein 
Nuclear Metal 
ofen, of MIT 

The Saturday morning session on 
metal engineering featured talks by 


tric Co 


Paul! Loewen 
Cr rp., on Lubrication and Hot Worl 
ng of Reactive Metals Samuel 
Atomi Energy Div 
Glenn L. Martin Co., on Metal Pou 
Past. Recent, New De 
and Michael Sendzimu 


Storchein 


der Rolling 


nt 


Armzen C 
Der elopn ent 


Strip Mill 
Plate Div 
pre ided a 


Highlight 
progran were 
130 turned 
in Waterbury 
Frary & Clark 


At Scovill 


casting of and operation of the Guests at the fellowship dinner heard an entertaining talk by Leonard Labaree, seated 
trip mill. Scovill has the largest right; flanked at left by toastmaster J L Christie Standing left to right) K. H. Marrs, 
rolling mill built for the brass indu section chairman, G W. Coleman, treasurer; DE Trout, secretary 


try. At Landers, the conveyor tech- 
nique for the assembly of percolator 
was of particular interest because of 
it applicat on 
Franklin and his role in 
making Amer! 
ubject of the after-dinner 
peaker, Leonard W. Labaree, hi 


Jenjami 


was the 


tory prot 


t that 


vere no scl 


onal le tter 


dium f 


research 


Calne renowne 
on tatic elec 
Va tr 
first sqcrentin 
the Amer 


Annual New England Following a Dutch treat luncheon treasurer; K. H. Matr 


Harvard University; De- 


was chairman 


Sidney Siegel, General 
Metal & Control Corp 
chairman 

of the Friday afternoon 


out, to Scovill Mfz Co 


chose to discu Franklin and Hi 
Seentific 
Dinner. Profe 
Franklin time there 
tific journals, and per 


for com}, 
ilts to other worker in 


type that Franklin be- 


mental in organizing the 


in France that Ben 


New England Regional Conference 


Scores With Plant Tours, Technical Sessions, Dinner 


past-chau 


ion were held on 


ession on Friday 
on: Fundamentals of 
n Metal by Bruce 


Polycrystalline Metal 


Corp. W. A. Back- 


tein, Nuclear Metal 


who discussed Latest 
on the Sendzimir Cold 


plant trip for which 


Conn. and to Lande 
in New Britain, Conn 


group saw continuou 


to automation 


ca a leader in cence 


Yale University, who 


nd at the Fellowship 


or Labaree pointed 


vere ised a the me- 


inicating theories and 


is through correspond 


i for his experiment 


city. Later, Franklin 


ociety in America 
Philo ophical Socrety 
it Britain and Europe 


ved his greatest recog 
rica’s Outstanding na A large group turned out to visit Scovill plant in Waterbury, Conn 
continuous casting of brass and the largest rolling mill built for the brass industry 


where they saw 
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Paul Lindberg, McClouth Steel 
Corp., Trenton, Mich., was elected 
Chairman Detroit NOHC. Other 
officers are: Martin Groat, Vice 
Chairman; John C. Brown, Treas- 
urer; R. Lautzenhiser, W. J. Scharfe- 
naker, F. Stroup, M. J. Smith, H. F 
Lesso, K. Lewis, L. Cummings, H 
Moyer, and J. Yoxall, Director 

After the elections Mr. Lindberg 
assumed office and presented C. W 
Conn, outgoing Chairman and or- 
ganizer of the Section, with a stain 
le steel gavel. The gavel was en 
graved as follow N.O.H.C. Detroit 
Section. Presented to C. W. Conn, 
First Chairman, April 25, 1956.” 


e The El Paso Metals Section and 
the Kidd Mining Club met on April 
19 at Seamon Hall, Texas Western 
College. After a bean feed senior 
tudents presented papers on their 
research problems 


e The Washington, D. C., Section 
held a dinner-meeting on May & at 
the Cosmos Club. The _ principal 
peaker was Simon D. Strauss, vice 
president, American Smelting & Re 
fining Corp 


e Ward Minkler, assistant manager 
for market development, Titanium 
Metals Corp. of America, addressed 
the New York Section on March 29 
Mr. Minkler discussed the problems 
of the titanium industry today, and 
@ More than 130 attended the din peaker was James J. Bowden of titanium’s future. This was a din 
ner-meeting of the Detroit Section, jowflux Co., Cortland, Ohio, whose ner-meeting at the Mining Club 
NOHC, on April 25 at the Horace subject was “Melting Practice and held jointly with the Section’s Phys 
Rackham Memorial Institute. The Its Effect on Finished Steel.” ical Metallurgy Group 


Tours Western is 


C. W. Conn, retiring Chairman and organizer of the Detroit Section, NOHC, holding 
the stainless steel gavel presented to him at a recent Section meeting. With Mr. Conn 
are M J. Smith, W. J. Scharfenaker, and H. W. Clark, all of the Detroit Section 


Local Sections 


Mr. Reistle made a tour of some 
of the Local Sections in April. His 
first stop was at Salt Lake City, 
where he was the guest of honor at 
the annual spring dinner-dance of 
the Utah Section. Mr. Reistle then 
went on to Butte and attended a 
luncheon and a banquet given for 
him by the Montana Section at 
which he was the principal speaker 
He also spoke at a convocation of 
tudents and faculty at the Montana 
School of Mine The next day Mr 
Reistle left for Spokane and at 
tended a meeting of the Columbia 
Section. On April 11 he was the 
af 


guest of honor at a dinner party 
held by the Coeur d'Alene Subse« This photograph wos taken at the luncheon held on the occasion of the visit by 


tion at the Union Legion Hall, Kel Carl E. Reistle, Jr, AIME President, to Butte. Left to right: Seated—J. R. Van Pelt, 
logg, Idaho. Mr. Reistle also visited president, Montana School of Mines, and Montana Section Chairman; Mr. Reistle; 
the San Francisco, Nevada, and F. W. Strandberg, chief engineer, The Anaconda Co.; and C. J. Hicks, Montana Section 
Chicago Sections He was accom Secretary. Standing—E. |. Renouard, Jr., manager of mines, The Anaconda Co.; Roy E 
panied on his tour by Mrs. Reistle, O'Brien, AIME Field Secretary; E. P. Shea, head, Geological Dept., The Anaconda Co; 
Mr. Kirkendall, and Mr. O'Brien and Ernest Kirkendall, AIME Secretary 
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T. D. JONES 


T. D. Jones, chief lead _ refinery 
metallurgist, American Smelting & 
Refining Co., was one of six promi 
nent graduates of the College of En 
gineering, University of Wisconsin 
awarded a citation for distinguished 
engineering services on Engineer 
Day, May 4. Mr. Jones received a 
B.S. in metallurgy from the 
sity in 1922, and the professional de 
gree of metallurgical engineer in 
1929. He was chairman of the Ex 
tractive Metallurgy Div of the 
AIME in 1952, and is a member of 
the Institute Admissions Committee 
National Steering Committee, and 
the EMD Executive Committee 


univel 


George A. Alers, former research 
engineer for Westinghouse Research 
Laboratori Pittsburgh, Pa., is now 
engineering staff, 
Ford Motor 


a member of the 
physics department of 
Co., Dearborn 


W. B. F. Mackay has left the Unive: 
sity of Minnesota in Minneapol 
where he taught in the department 
of metallurgy, to join Atlas Steel 
Ltd., Ontario, Canada 


Edgar C. Bain has been honored by 
U. S. Steel Co. of which he ts vice 
president of research and technol 
ogy. A building in their new re 
earch center in Monroeville, Pa., | 
named the Edgar C. Bain Laboratory 
of Fundamental Research. Dr. Bain 
achieved international recognition 
principally for his work in the field 
of alloy steels. In 1952 the leading 
French society of metallurgy be 
stowed its grand medal on him, the 
first American to be so honored. He 
is also the recipient of awards from 
Franklin Institute and the ASM. In 
1952 Dr. Bain delivered the Schwab 
Memorial Lecture at the AISI an 
nual meeting. A native of Marion 
Ohio, he graduated from Ohio State 
University and has been a 
with U. S. Steel since 1924 


ociated 


Joseph J. Chase chief engineer, 
TurboTronics Div., Summit-Robert 
Products Inc Cleveland. He was 
formerly with JeTool In« Euclid 
Ono 


Robert B. Corbett is now assistant 
to the president, Heppenstall Co., 
Pittsburgh. Dr. Corbett has been 
director of research at the company 
ince 1952, and will continue to head 
thi department. A_ graduate of 
Carnegie Institute of Technology, he 
received his Doctorate from the Uni 
versity of Pittsburgh 


Milton H. Koeneman has resigned 
from his post as sales engineer for 
Laclede Arch Co. in St. Louis to 
join the staff of John Mohr & Son 
in Chicago 


R. L. Rickett, who was associated 
with the Fundamental Research 
Laboratory U. S. Steel Corp. in 
Kearny, N. J has moved to the 
company’s Edgar C. Bain Laboratory 


Research Center in Monroeville, Pa 


Louis Horvath | now research en 
gineer North American Aviation 
Inc Downey Calif. Mr Horvath 
istant research en 
Bra Co., 


was formerly a 
sridgeport 
Conn 


pineer for 
sridgeport 


Bennett V. Whiteson has left MH 
Harper Co.,, Morton Grove, Ill., to 
join Dougla Aircraft Co. Santa 
Monica, Calif. where he will be a 
materials and process engineer 


Nathan M. Levine has been named 
upervisor of extractive metallurgy 
and mineral dressing in the metal 
research department of Armour Re 
earch Foundation, Illinois Institute 
of Technology, Chicago. A specialist 
in hydro-metallurgy, Dr. Levine will 
be in charge of research activities in 
concentration of ores and extraction 
of metal He is a native of New 
York City and received a B.S. degree 
in mathemati from City College 
N. Y. in 1939, and a BS. in mineral 
dressing engineering from Columbia 
University where he also obtained 
his Doctorate. Dr. Levine was head 
of the leaching section of the min 
eral beneficiation laboratory at 
Columbia and also did research 
work at the University of W: 
From 1945-47, he was mill metallur 
gist for U. S. Smelting & Refining 
Co. at Bayard, N. M. He is a men 
ber of AIME, Sigma Xi and Phi 
jeta Kappa 


consin 


James H. Mohr is chief metallurgist 
Whitne Chain Co., Hartford, Conn 
He was formerly with Remington 
Arms Co., in Bridgeport, Conn 


Mervin S. Allishouse, formerly lab 
oratory metallurgical engineer at 
Amplex Mfg. Co., Detroit, has joined 
the atomic power division of West 
inghouse Electric Corp., Pittsburgh 


* 
and 


Norelco X-ray 
Analytical Equipment 


Noreleo’s *EQOUIPMENT DEVELOP. 
MENT PROGRAM now offers a broad 
selection of X-ray 
ment—brilliantly conceived, so that it 


analytical equip- 


Is possible to develop your laboratory 
equipment in successive, relatively 
inexpensive stages... until you have 
the optimum in non-destructive ana. 


lytieal instrumentation, 


“EDP enables you to start with a basic 
50 KV X-ray Diffraction Unit today, 
pointing toward complete diffraction 
and speetrographic facilities tomor 
row! Depending upon any ultimate 
goal, the initial selection of Noreleo 
equipment will permit gradual 
planned additions until a full-facility 
complement is reached. 


Noreleo X-ray analytic u! - 
cam beeappli cd to numerous problem - 
requicing @ modern ro) d approne!: 
to qualitative and quantitative el 
mental rmination andy stfmetur 


investigation, 


Both X-ray diffraction and X-ray spec 
trography have been moved from the 
laboratory to the factory. In produce 


tion control, Noreleo X-ray instru. 
ments have been placed on the 
production line to provide accurate 
sampling data and thus rigid quality 


specifications. 


Accurate determinations can be made 
from trace amounts to 100% of a 
given element—in a matter of minutes 
without necessity of film or plate 
standardization or processing tech- 
niques. The equipment is easily oper. 
ated by laboratory personnel. 


DEVELOPMENT PROCKHAM 


INSTRUMENTS DIVISION 


NORTH AMERICAN PHILIPS CO. inc. 


750 Se. Fulton Ave, Mount Vernon, N.Y 


in Canada Majestic Electronics Ltd, 
11-19 Brentcliffe Road. Leaside, Toronto 17, Ontario 
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Starts only with 
Norelco X-ray 
Diffraction 


The Noreleo Basie X-ray 


unit is the fundamental tool for struc 


Diffraction 


tural analysis utilizing filo measure. 


ment techniques. Furthermore, is 
the basic foundation upon which all 
other associated instrumentation is 
built to provide facilities for X-ray 


Dilfractometry or X-ray Spectrog- 


raphy. 


When X-rays 


properly designed appara 


arising in 


tus are directed into a 
cumple material, a series 
of secondary beams of 
radiation are reflected 


from the specimen upon 


a properly sensitized film 

u series Of concentric 
lines appear on the film. These lines 
ure the result of cefleetions from the 
utomic planes of the specimen and 
since no two materials will present 
the film pattern —the method can 
he ued for positive identification. 
Identifieation, or detection of chunge-. 
or unpurities in even minute speci 
menos are based epongreflected radia 
tion wehsing from the irradiated speci 
men and a sub equent pattern whieh 


it produces on a film 


Various precision-built X-ray cameras 
are available such as Powder Cam- 
eras, Precision Back- Reflection ¢ am 
era, Miero Camera, Plat am 
Single Crystal al ra 
~pedialty These ¢utherad ai 
(ein funetion and their re: ot ded 
use is dependent apon the types 
-pecimetif to be examine as well 
the infogMution required. 


Adoption by industry of X-ray diffrac 
tion for research and processing con- 
trol techniques has helped industries 
and 


by speeding the classification 


identification of essential materials 
and has also played a major role in 
the development of many newly in- 
troduced industrial materials, 
EOUIPMENT DEVELOPMENT PROGRAM 


INSTRUMENTS DIVISION 


NORTH AMERICAN PHILIPS CO. , nc. 


750 So. Fulton Ave., Mount Vernon, N.Y 


in Canada Rogers Majestic Electronics Ltd 
11.19 Brentcliffe Road, Leaside, Toronto 17, Ontario 
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Anaconda Announces Promotions 


CLYDE E. WEED 


Clyde E. Weed was elected presi 
dent of The Anaconda Co ucceed 
ing Robert E. Dwyer, who retire 


1956, after 53 years of serv 
ice with the Elbert 
Sowerwine former vice president of 
the company, retired on June 1 of 
this year. Formerly vice president in 
of operations, Mr. Weed will 
also head three ubsidiary com 
pani Chile Copper Co., Chile Ex 
ploration Co. and Ande Copper 
Mining Co 


July 1, 


company 


charge 


THOMAS A. CAMPBELL 


promotions announced by 
Thomas A. Campbell, 
ident of 


Other 
Anaconda are 


former executive vice pres 

the Chile Exploration and Andes 
Copper Companies, to vice president 
of the parent company and presi 
dent of Anaconda Sal Co., and 
Charles Brinckerhoff from general 


charge of S. American 
of the two subsidiaries 
to vice president of both companie 
W. Kenneth Daly has been elected 
to vice president and comptroller of 
Anaconda 
The fir 


manage! in 
ope ration 


t engineer to head the com 


pany since 1915, Mr. Weed was born 
in Mooreshead, Mich., and received 
a mining engineering cde gre< from 


Michigan College of Mines and Tech 
nology in 1911. One of his early jobs 
wa with Inspiration Con olidated 
Copper Co., an affiliate of Anaconda 
in Miami, Ariz. In 1938 he joined 
Anaconda a anager of 
mines and became vice president in 


1942. Mr. Weed played a prominent 


general 


role in the planning and develop 
ment of the Greater Butte Project 
In 1951 AIME awarded him thei 
William Lawrence Saunders Medal 
After graduating from Yale in 
1919, Mr. Campbell began his career 


as a metallurgist for Remington 
Arms Co. in Bridgeport, Conn., and 
by 1936 was assistant general man 
ager of Chile Exploration Co. He 1 


a member of AIME, Mining and 
Metallurgical Society of America, 
and Yale Engineering Society 


W. KENNETH DALY 


a native of Min 
degree in 
engineering from the 
School of Min 


Mr. Brinckerhoff 
neapolis, received hi 
metallurgical 


Columbia University 


ing. He has been with Anaconda 
ubsidiarie: ince 1926. Mr. Daly 
who was born on Staten Island, 
N. Y. joined Anaconda in 1917. He 


has also been vice president of Basi 


Magnesium Ine 


CHARLES BRINCKERHOFF 


Say 
3 a 
| 


5S. E. MADDIGAN 


S. E. Maddigan, assistant director of 
Kaiser Aluminum’'s dept. of metal 
lurgical research, has been trans 
ferred from the Spokane laboratories 
to the Oakland, Calif. headquarter 

where he will act as a special assist 
ant to Paul P. Zeigler, director of 
the department of metallurgical re 
earch. Before joining Kaiser Alumi 
num. Dr. Maddigan served succes 
ively as head of the physics and 
electrochemical research laboratory 
for Chase Brass & Copper Co. and a 
director of the British Columbia 
Research Council 

Gilbert A. Lenning is now associated 
with Titanium Metals Corp., Hen 
derson, Nev. He was formerly prin 
cipal metallurgist at Battelle Mem 
orial Institute, Columbus, Ohio 


Francis A. Muth is general superin 
tendent,. American Smelting & Re 


fining Co., Baltimore 


Douglas C. Haag is associated with 
Titanium Metals Corp. of America 
in their proce control department, 
located in Henderson, Nev 


S. W. Madsen, vice president of the 
Shieldalloy Div., Metallurg In 

New York, has relocated to the com 
pany’s plant in Newfield, N. J 


George W. Coleman, formerly gen 
eral manager, Snell Mfg. Co., Fisk 
dale, Mass., is now with the Parker 
Mfg. Co., Worcester, Ma 


Peter J. Zorena is now a metallur 
gist for Inland Steel Co., East Chi 
cago, Ind. Prior to accepting thi 
post, Mr. Zorena was research a 
istant, metals research laboratory, 
Carnegie Institute of Technology, 
Pittsburgh 


Robert E. Thomas is product meta! 
lurgist, American Steel & Wire Div., 
U. S. Steel Corp., Waukesan, Il 


M. Merlub-Sobel \: taff chemical 
engineer, Curtis Wright Corp., Clif 
ton, N. J 

John D. Wood ha oined Kaiser 


Aluminum & Chemical Corp., Hale 
thorpe, Md., as a metallurgist 


Edwin F. Mitchell sales manage! 
Alloy Casting Blau-Knox Co., East 
Chicago, Ind. He formerly worked 
for Continental Foundry & Machine 
Co., Chicago 


Ford W. Knight is me tallurgist, raw 
technology ection I 
du Pont de Nemour & Co. In 
Savannah River Plant, AEC, Aiken 
S.C. Mr. Knight was with The Ana 
conda Co., Anaconda, Mont 


material 


Martin J. Hughes Is mine manage! 
iron ore mining operations, Kaiser 
Steel Corp., Eagle Mt Riverside 
County Calif Mi Hughe 
uperintendent of tron ore mining 
and beneficiation at the Lone Star 


Co. in Texa and had been with that 


company for seven yea! Prior to 
that, he was engaged in mining op 
erations in Chile and also supe 
vised mining operations in Cuba 
and for U. S. Gypsum Co. in Texa 


James G. Han 
uper vise the 


Mr. Hughe ucceed 
sen who will now 
opening of the Cushenbury lirne 
tone deposit Lucerne Valley, for 
Permanente Cement Co which 1 
managed by Kaiser Steel 
Paul E. Crow, formerly uperinten 
dent at Phillips Foundry jaker 

field, Calif ha joined Barker Food 
Supply Co., in Los Angele 


John E. Seward, former blast fur 
South Chicago 
Sheet & Tube 


nace uperintendent 
Work 

Co Chicago ha oined Jone & 
Laughlin Steel Co., Pittsburgh. Mr 
Seward will be assistant to the open 
hearth superintendent at the Pitt 

burgh Work Pa 


Youngstowr 


Donald B. Hoiekvam is vice pre 
dent and manager of operatior for 
the Montana Mining & Milling Co 
Helena, Montana. Previously he wa 
American Metall 
Portland, Ore 


yeneral foreman 
Chemical Corp 
John N. Andersen has joined Kenne 
cott Titanium Development Corp 
Columbu Ohio. He wa formerly 
associated with Stauffer Chemical 
Co., Niagara Falls, N. Y 

Aaron Wachter, head of the corro 
ion department, Shell Development 
Co., in Emeryville, Calif Vas pre 
with the 1955 Outstanding 
Service Award of the Western Re 
gion, NACE. Dr Wachter immedi 
ate pa t-president of NACE re 
ceived the award at the Fifth Annual 


ented 


Corrosion Conference Banquet in 
San Francisco 

E. P. Scala, formerly proce metal 
lurgist for Chase Bra & Ce ppe! 
Co. in Waterbury, Conn has «a 
cepted the post of chief of 1 aterial 
ection, advanced development divi 


ion, Arco Mfg. Co 


Robert H. Read is in the metals re 
earch department Armour Research 


Foundatior Chicago 


Makes Norelco X-ray 
Diffraction Automatic 


Adding the Diflractometer to the 
Basic Diffraction Unit at any time, 


provides a means by which inter- 
pretations are speeded and fac ili- 
ties are provided for equal or 
analysis. 


preater Interpretation» 


can be positive and more aceu- 
rately presented. A choice of any 
sensitive radiation detector tube, 
in place of the film, receives the 
reflections from the specimen, 
Subsequent electronic integration 
and amplification of these im- 
pulses serve as a means of devel- 
oping peaks and valleys on a chart 

corresponding to the diffraction 
lines on the film pattern. This 
newer method is extremely rapid, 
provides better accuracies and 
guarantees unequalled reproduc: 
ability 


other methods of analysis. 


with vreater ease than 
mens may be compared quantita. 
tively and qualitatively. 


The 
cludes the Basie X-ray Diffraction 
Unit except that several detection 
counters and cleetronic 

are used in place of or used ad 

~upplement to camera-. Che 
unit always available ag afour 
window radiation source for the 
operation of ¢amer- 
aus and goniometers, ™ 


Norel 


Diffractometer in- 


LOCIPMENT DEVRLOIVUENT PHOCKAM 


INSTRUMENTS DIVISION 


NORTH AMERICAN PHILIPS CO. , inc. 
750 So. Fulton Ave, Mount Vernon, N.Y 
n Canada Rogers Majestic Electronics Ltd 

11.19 Brentcliffe Road, Leaside. Toronto 17. Ontari« 
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)Pro vides Spectrographic 
Facilities Easily 
RAPID NON-DESTRUCTIVE CHEMICAL ANALYSIS 


Ltiliging facilitie. provided in the Basie Diffraction Unit, and 
the Diffractometer. sinple connections can be made for use of 
high intensity Noreleo X-ray exciter tube, radiation-proof 
chamber and a wide range goniometer. The Spectrograph 
provides for qualitative and quantitative determinations of 
elements present in a sample regardless of free or combined 
state. 


Lhe X-ray tube produces characteristic exeita- 


tion of the speeimen whose wavelengths are made 


“to fall upon an amalyzing crystal. Heterogeneous 
wavelengths are then separated by the crystal 
into components, each of which is singularly dis- 
tinguishable, The apparatus provides qualitative 
a» well as quantitative data on the relative pre- 
sentation of element- present in a compound, 
Accurate determination- can be made from trace 
amounts to 100% of a viven element — in a matter 
of minutes without necessity of film or plate 
standardization or processing techniques. The 
equipment is easily operated by laboratory per- 


sonnel, 


ain. 


. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 
. 


Spee mens of any nature may be accommodated, Latest devel- 
opment in helium atmosphere chambers and in flow detec- 
tors, now extend routine analytical utilities to include repro- 
ducable, accurate and simplified evaluations for elements 


down through magnesium (Atomie #12) 
FOLIPMENT DEL PLOPMENT PROGRAM 


INSTRUMENTS DIVISION 


NORTH AMERICAN PHILIPS COMPANY, INC. 


750 South Fulton Avenue, Mount Vernon, N.Y 
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C. Sheldon Roberts is now associ- 
ated with Shockley Semiconductor 
Laboratory in San Antonio, Calif 
Prior to this, Mr. Roberts was a re- 
earch metallurgist at Dow Chemi- 
cal Co. in Midland, Mich 


James J. Bean is chief metallurgist, 
Miami Copper Co., Miami, Ariz 


R. T. Whitzel has been named gen 
eral production manager, Aluminum 
Co. of America. Since 1952, Mr 
Whitzel has been general manager 
of the smelting division. In his new 
position, he will be responsible for 
all metal production and fabricating 
operations of the company. After 
graduation from Ohio State Uni- 
versity, with a Master's degree, Mr 
Whitzel joined Alcoa in 1915 as a 
metallurgical engineer at the Niag 
ara, N. Y. works. He became assist 
ant manager two years later, and by 
1945 he was head of all Massena 


operation 


GEORGE H. THURSTON 


George H. Thurston will represent 
Duraloy Co., Scottdale, Pa., in sales 
and service for all of California 
north of Los Angeles. Mr. Thurston, 
who specialized in metallurgy at the 
University of California and Case 
Institute of Technology, has been a 
consulting metallurgist. His articles 
have appeared in publications on the 
Pacific Coast 


F. R. Morral ha joined Batelle 
Memorial Institute, Columbus, Ohio, 
as Div. Consultant. Dr. Morral was 
formerly head of the X-ray Labora 
tory, division of metallurgical re 
earch, at Kaiser Aluminum & 
Chemical Corp., Spokane 


Roger R. Turk is a metallurgical en 
vineer for North American Aviation 
Inc., Downey, Calif. He wa uper- 
visor of the metallurgical laboratory, 
Tungsten & Chemical Div., Sylvania 
Electric Products, Montebello, Calif 


Richard Summers, formerly general 
manager, Cupa Mfg. Corp., Bridge- 
port, Conn., has accepted a post with 
Bridgeport Testing Laboratory Inc 


= 
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LYLE HALLBERG 


Lyle Hallberg | 


in Idaho and Montana 


tallurgi al engl 


earch metallurgist in 


been appointed vice 


to accepting hi 


nber of the Ameri 
can Chemical Society , 


Edward R. Borcherdt has been pro 
moted to director of mining research 
with headquarte1 n Butte, and 
Francis L. Holderreed to director of 
metallurgical research for The Ana 
conda Co. in Anaconda, both in Mon 
tana. Mr. Borcherdt, a native of 
Iowa, has been chief research engi 
neer for the company since 1938. A 
graduate of the University of Michi 
gan, he received his degree in min 
ing engineering from Michigan Col 
lege of Mine Mr. Borcherdt began 
as an assistant geologist at Ana 
conda in 1920, and organized the en 
gineering research department in 
1926 M: Holderreed who hails 
from Oklahoma, has been with the 
company since 1940, at which time 
he was a chemist, joining the re 
earch department the following 
year. He received an MS. degree in 
metallurgy from the Montana School 
of Mines after graduate work at the 
University of Oregon 


Michael F. Demshar | uperinten 
dent, Blooming Mill, Wisconsin Steel 
Div International Harvester Co., 
Chicago. Prior to this, he was super 
intendent, Rolling Mills, Wisconsin 
Steel Works, Chicago 


Carl S. Wiedman is now with the 
Walmet Corp., Madison Ht Mich 
He was formerly associated with 
General Electric Co.'s carbology de 
partment in Detroit 


Edward W. Bullard, San Francisco 
Advisory Committee, Engineering 
Societies Personnel Service Inc., ha 
resigned. M1 Jullard, president of 
the E. D. Bullard Co., represented 
hi ection for the committee for 
16 year the last seven year a 
chairman. He was presented with a 
certificate for outstanding service to 
the engineering profession from the 
ESPS National Board of Director 

Herbert A. Sawin, assistant sale 

director Yuba Mfg. Co ha a 

cepted appointment by Jame P 
Bradley, chairman of the San Fran 
cisco Advisory Committee for the 
ESPS. Mr. Sawin and other repre 

entatives from other sections of na 


tional engineering ocietie will 
counsel, guide, and review ESPS 
operations to assure satisfactory em 


ployment service to engineet 


R. J. MeCrary joined the Volcan 
Mine Co. as metallurgist, in Ticho 
Peru He wa formerly assistant 
peneral uperintendent and metal 
lurgist for the U. S. Tin Corp. of 
Lost River, Alaska 


Edward Day Dickerman, metallur 
gist and field engineer, Minerals En 
gineering Co., Grand Junction, Colo 
is now metallurgist with Galigher 
Co., Monticello, Utah 


Jack M. Law has resigned from hi 
post with Sylvania Electric Prod 
ucts Inc Seneca Fall N. Y., to be 
come a metallurgist for the Power! 
Equipment Co. in Galion, Ohio 


oreleo 


PRODUCTS 


INSTRUMENTATION FOR 
RESEARCH, MATERIALS 
CONTROL AND PRODUCTION 


X-ray Diffraction Equipment 
X-ray Diftractometers 

X-ray Spectrographs 

X-ray Thickness Plating Gouges 
X-ray Absorption Apporatus 
X-ray Crystal Analysis Units 
X-ray Tubes and Rectifiers 
X-ray Cameras, Somple 
Spinners, Pole Figure Devices 
and Accessories 


Autrometer—24 Channel 
avtomatic Element Analyzer 


X-ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Flow Type 
Detectors 

Electronic Circuits for 

High Speed Detectors 

with Pulse Height Analyzers 
Decade Scalers and Ratemeters 
Electronic Timers 

Line Voltage Regulators 

Radio Compass Controls 
Electronic Testing Equipment 
Flame Photometers 

Electron Microscopes 

Electron Diffraction Equipment 
Emission Microscopes 

High Voltage Generofors 


Contact Microradiographic 
Equipment 


Gas Liquefier 


Industrial X-ray Equipment 


Industrial Magnetic Particle 
Testing Equipment 


Industrial X-ray Fivoroscopes 


Industrial Image Intensifiers 
with Closed Circuit Television 
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Sf 
mineral testing en 
gineer, Western Machinery Co., San x 
Francisco. Mr. Hallberg was junior ia’ 
metallurgist, American Smelting & 
Refining Co., Colville Wash., and 
has been active in mining operation = 
era i 
( ror i é h ) : 
ated fro: the M ntana School of 
neering 
William P. Roe now associated 
with Southern Research Institute, 
Birminghan Previously, Mr. Roe , 
the Titanium Div National Lead ae 
Co., South Amboy, N. J ae 
rai 
president of research and develop a. 
ment of the metals chloride division ae. 
Salem-Brosius Inc., Pittsburgh. M1 ae 
Irani had been a member of the re ee 
earch foundation, Colorado School 
of Mines. Prior new 
post, he had been associated with eee < 
Julius Hyman & Co, Denver, and ie 
Booth Engineer Salt Lake City. In Rad 
his new capacity, Mr. Irani will deal ae 
with the ce velopment of applica ie 
tions for the division new high Bi 
temperature chlorinating furnace 
His published works include: Tho : . 
run Si f Atomic Power 
y 
M. C. IRANI 


FRANKEL DEPENDABILITY 
SAVES MONEY FOR YOU! 


NICKEL * MONEL * INCONEL * COBALT 
NICKEL CHROME ALLOYS * TITANIUM 
STAINLESS STEEL * JET ALLOYS 


Because Frankel is specifically equipped for the 
job dependability is more than a word at 
Frankel Company, it is a way of life. It is a system 
that can provide you with secondary alloys, equal 
in every way to ingots but considerably lower in 


cost 


Let Frankel Company, a name synonymous with 


“quality converters’, help your profit picture with 


specification controlled secondary alloys 

You are assured of a scientifically graded product 
guaranteed analysis uniform packaging 

ready for direct charging without further 


preparation 


Write, phone or wire for detailed information today. 


FRANKEL COMPANY, INC. 


19300 FILER AVENUE DETROIT, MICHIGAN, USA 
FOrest 6-3510 
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Magnetism Conference 
In Boston Oct. 16-18 


A conference on magnetism and 
magnetic materials is scheduled for 
Oct. 16, 17, and 18, 1956, at the Hotel 
Statler, Boston. Sponsored by the 
magnetics subcommittee of the AIEE 
basic science committee, the confer- 
ence will bring together those inter- 
ested in basic and applied work on 
magnetism. Cooperating with AIEE, 
are the American Physical Society, 
the IRE and AIME 

Tentative plans are to include ses- 
ions on apparatus and magnetic de- 
sign, losses in soft magnetic mate- 
rials, high frequency phenomena, 
magnetic anisotrophy, and magnet- 
ism and physical metallurgy. Pro- 
grams, containing abstracts of papers, 
will be distributed before meetings 

It probably will not be possible to 
include in the program all of the 
papers submitted, because of time 
limitations and the desirability of 
avoiding simultaneous sessions. Final 
election of papers will be made by 
the program committee composed 
of: C. P. Bean, R. M. Bozorth, H 
Brooks, D. R. Brown, J. E. Goldman, 
W. R. Hibbard, Jr., J. A. Osborn, and 
G. T. Rado. Presentations will vary 
from 10 to 30 minutes. Titles must 
be submitted by June 15 and ab- 
stracts of 200 to 500 words by August 
1. The complete papers are to be 
handed in at the conference, for pub- 
lication in Conference Proceeding 

Prospective Author hould sub- 
mit titles no later than June 15, 
writing to the Program Committee 
Chairman: C. P. Bean, General Elec- 
tric Research Laboratory, The Knolls, 
Schenectady, N. Y. Prospective Ex- 
hibitors should contact the Manager 
of Exhibits, R. Rimbach, Richard 
Rimbach Associates, Inc., 845 Ridge 
Ave., Pittsburgh 12. For further in- 
formation write the Local Confer 
ence Committee Chairman, T. O 
Paine, Measurements Laboratory, 
General Electric Co., West Lynn, 
Mass 


Members May 
Recommend AIME 


Awards Candidates 


Funds are sufficient to finance all 
of the usual AIME Awards to be 
presented at the Annual Meeting in 
New Orleans February 24 to 28, 
1957, except the Ramsay Medal for 
achievement in coal mining 

Award committees have been 
named, and the chairmen will be 
glad to hear from any AIME mem- 
bers who wish to suggest the name 
of a candidate worthy for considera- 
tion by the appropriate committee 
Their names follow W. A. Dean, 
committee chairman, James Douglas 
Medal for distinguished achievement 
in nonferrous metallurgy; C. E 
Weed, chairman, W. L. Saunders 
(Continued on page 815) 
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Obituaries 


Allan R. Volmar (Member 1952) 


died in an automobile accident near I ‘Myre M ‘ ba CHANGE OF STATUS 
stow Ohio, last July vhile on hi my t Members 
way to Akron for a day of training 
at the Nava Air Reserve Station 
3orn in Pittsburgh in 1930, Mr. Vol 5 
lar receiv his BS. in metallurgy erett w t ast . Mo t ; KREINSTATEMENT.-CHANGE OF STATES 
He Associate Members 


1952 began his promising career a Student te Junior 
nt h, P? felphia 


at Reliance Electric & Engineering ye te Munster, I 
Co., Cleveland, as a cadet ¢ vee — 
that ame year In March 1 t erte fianape AWARDS Continur m je BLA 


becarne project mar for 


B July 3 y eliue Medal for mining W. French 


ferrous foundry 
was methods engineer. and in chairman, Anthony F, Lucas Medal 
1954 was promoted to foreman weoned tanh for petroleum; M. L. Haider, chan 
tive in port Mi aus Lou M ' t, Pitt i man, Charl k Rand Medal for 
ning during mining administration; C. Y. Garber 
pla d football at ‘ 1K nberge chairman, Robert H. Richards Award 
was a member of the championshi for mineral beneficiation; J.S. Marsh 
oftball team at Reliance Co Frederick Bo Ma eve chairman Benjamin F Fairl 
Award for iron and teel M 
Alfred D. Beeken (Member ! Walte \ r, De t Squarcy, chairman, J. E. Johnson Jt 
died suddenly on March 26, 1956 Award for iron and steel (recipient 
was metallurgist and general V i Nothst Bethleher under 40); J. C. Calhoun Jr., division 
manager for Vulcan Crucible Part chairman, Mineral Industry Educa 
Co., Alquippa, Pa. where he hi ' ‘ { tion Award; K. L. Cook, division 
vorked since 1914. Mr. Beeken wi chairman, Jackling Award for min 
born in Fanwood N. J. on Jan l: pe kor ing peolopy ol geophy 
1891 ind tudied at Carnegie Insti "R ou The 
tute of Technology receiving hi 
B.S. degree in metallurgical eng! 


following awards have also 
been authorized for best paper 
Robert W. Hunt Medal, Mathewson 


neering His affiliation included ’ ms Medal, Extractive Metallurgy Divi 
membership in AISI and AIME. Mr na nan ion Award, and the Rossiter W 


2 
jeeken was also a member of the Columbu io Raymond Award 


Metal Handbook Committee and 
chairman of the tool steel ubcom 
mittee both of ASM 


Necrology now available 


Date Date of 
Bleected Name Death 


METAL STV GLE 


by 


Proposed for Membership ALLOYD RESEARCH 
— Metals Branch AIME— CORPORATION 


Pot AIME ‘ ‘ 0 1956 


96 Student Assos Al Mg 
ADMI ONS COM 1ITTEE Bi Zn Ni 
Cu Brass 
Fe-Ni Alloys 
Others on request 


® METALLURGICAL RESEARCH FACILITIES 


X Ray Orientation and Crystal cutting services are available 


| ALLOYD RESEARCH 
570 Pleasant Street 


Watertown, Massachusetts 
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Coming Events 


June 17-88, Pitth Werld Power Conterence, 
Vienna, Austria 


ASTM meeting, Hotel 


Atlantic City 


June 7-22 
Chalfonte-Haddon Hall 


Jeune @2-July 6. International Machine Teel 
Exhibition, Olympia, London, England 


Coast Mark 


Aug 68 SAE 
Hopkins Hotel 


West meeting, 
San Francisco 


National Council of State Boards 
Hotel Statler, 


Aug 24-25 
of Engineering Examiners, 
lve Angeles 


Sept 0-12, AIChE, William Penn Hotel, Pitts 


burgh 


niversity second 
program designed 
engineers, College of Engi 


Sept New Vork 


sonual titaniun ecture 


Coast 


Sept. 16-22, ASTM, Pacific 
Statier Hotel, Los Angeles 


meeting 


AIMEE. Recky Meuntain Minerals 
Salt Lake City 


Sept 
Conference 


Oet 8-10, AIMEE, IMD Pall Meeting, Hotel 
Carter, Cleveland 

Oet. 8-12, ASM. national metal congress and 
ex position Cleveland Public Auditorium 


Cleveland 


Oet. 12, AIMEE, NOHC Eastern Local Section, 
annual meeting, Philadelphia 


ret. 14-17, AIMEE, Petroleum Branch, Hilt 
more Hotel, Los Angeles 

16-18, AIRE, conference on magnetiam 
and magnetic materials, Hotel Statler, Bos 
ton 


22-24 Hotel 


Hoosevelt 


ASA 


New 


annual meeting 


York 


Solid Fuels 
Washing 


AIME-ASME. Joint 
Sheraton-Park Hotel 


(bet 
Cenference 
tow ¢ 


1, Electrochemical See, Statler 
Hotel, Cleveland 

Nev 2 AIMEE, Pittsburgh Local Section 
NOE Pittsburgh Local Section, annual 


Penn Hotel 


off -the-record meeting, Willian 
Pittsburgh 


New 
Regional Meeting 


AIMF. Mining Branch, Northeast 
Hotel Hershey, Hershey 


thee 5-7, AIMEE, Blectric Purnace Steel Con 
ference. Hotel Morrison, Chicago 

Dee. 80-12%, AICHE, annual meeting, Statler 
Hotel, Boston 


Feb. 4-28, 1057 AIMEE Annual Meeting, 
Hoosevelt and Jung Hotels, New Orleans 


Second Nuclear Engi 
vention 


Mar (0-16, 1057, 
neering and Sctenece Congress, Cor 
Hall, Philadelphia 


Mar 5-20, 1057 ASM And Others, Tenth 
Western Metal Exposition and Congress 
Pan-Pacific Auditorium and Ambassador 


Lae Angeles 


AIME National Open Hearth 
Coke Oven, and 
William Penn 


Apr 8-10, 1057 


Steel and Blast Pursace 
Raw Materials Conferences 
Hotel 


Pittaburgh 
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359 Alfred Ave Teaneck, New Jersey 


Cie 


H. L. TALBOT 
Consulting Metallurgical Engineer 
Metal: 


pper 


Refining Bose 


balt and ¢ 


E«tractior 


pecializing in ¢ 


Room 330, 84 State St., Boston 9, Mass. 


MAX STERN 
Consulting Engineer 


10 East 40th St. New York 16, N.Y 


DR. E. TSUTSUMI 


Registered Japanese Patent Attorney 4 
Metallurgical Consulting Engineer 


Patent Motter Researct technica 


nese into Eng 


2¢ per Englist 


text tror fr 


list rf vice versa word 


Cc P.O. Box 1545 Tokyo, Jepon 


neering, NYU jew 
__ | 


These features help make 
fam Lectromelt’ Furnace Equipment 


| €. A | popular all over the world 


ing and refining work is described in 
Catalog No. 105. For a copy and for help in 
selecting this equipment, write Lectromelt 
Furnace Company, 326 32nd Street, Pittsburgh 
30, Pennsylvania (a McGraw Electric Company 
Division). 


4 Lectromelt builds complete 
self-baking electrode assemblies. 


ry Here you see one of fifteen 
supplied for a domestic smelt- 
ing installation, assembled on 
‘=a our erection floor for testing. 
=~ These assemblies handle 40- 
inch self-baking electrodes, 


4 24-inch power-operated elece 
trode clamps. 


4, 
ol P 4 40-inch Lectromelt electrode 
clamp, built to our customer's 
> 


space requirements, 


~ 
» 
| 
Lectromelt bus bars ave assem-¥* 
bled in our plant to assure that 
4 they fit accurately when erected 


at your furnace, 


ae ~ 


> 


Manufactured in ENGLAND: Birlec, Ltd, Birmingham ... FRANCE: Stein et Roubeix, Paris 
BELGIUM: S.A. Belge Stein et Roubaix, Bressoux Liege... SPAIN: Generali Electrica Espanola, Bilbeo 
ITALY: Forni Stein, Genoa... JAPAN: Daido Steel Co., Ltd, Nagoya 


MOORE RAPID 


WHEN YOU MELT... 


y 
> 
Be 
A. 
ae 
10 


a memo to Melters, Open 
Hearth Superintendents, 
Metallurgists and 
others concerned 

with quality steel 
making .. 

you haven't 

tried RECARB-X 

and want the 

full facts on the best 
recarburizer for steel 
making, write for 


the new Engineering 


/ 

SEND ME ENGINEERING BULLETIN NO. 11 
convenient coupon below. 
TITLE 


ADDRESS 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION * SAGINAW, MICHIGAN 
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/ 
f / 
/ 
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